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We investigate the thermoelectric properties of Fe/MgO/Fe(001) magnetic tunnel junctions
(MTJs) by means of the linear-response theory combined with a first-principles-based Landauer-
Bu¨ttiker approach. We find that the Seebeck coefficient of Fe/MgO/Fe(001) MTJs strongly depends
on the barrier thickness and the tetragonal distortion. A compressive tetragonal distortion of the
in-plane lattice parameter in the MTJs provides interface resonant states just above the Fermi en-
ergy. This causes resonant tunneling in the MTJs and significantly enhances the Seebeck coefficient
when the thickness of the MgO barrier is around 1 nm (four or five atomic layers of MgO). More-
over, an extensive tetragonal distortion of the in-plane lattice parameter pushes the interface states
away from the Fermi energy, leading to a reduction of the Seebeck coefficient. Furthermore, we find
that the interface resonant tunneling enhances the power factor of the MTJs for the compressive
distortion. These results indicate that control of the barrier thickness and the tetragonal distortion
will be effective for maximizing the thermoelectric properties of MTJs.
I. INTRODUCTION
Since initial observations of the spin Seebeck effect1–4,
the conversion between spin and heat currents has been
actively investigated, which has opened up an emerging
research area called spin caloritronics5. This area encom-
passes novel thermoelectric phenomena in various mag-
netic systems ranging from bulk magnets to magnetic
tunneling junctions (MTJs).
The heat-to-charge current conversion, namely, the
Seebeck effect, in MTJs has been recently investi-
gated both experimentally6–16 and theoretically17–26, in
which most studies have considered the tunnel magneto-
Seebeck (TMS) ratio27, the thermoelectric analog of the
tunnel magnetoresistance ratio. MTJs with a large See-
beck effect have potential not only to produce a large
TMS ratio, but also to realize various applications such
as thermal energy harvesting, thermoelectric cooling in
nanoscale spintronic devices27, and scanning Seebeck
tunneling microscopy28,29.
According to the linear-response theory, a large See-
beck effect can be obtained through an asymmetric en-
ergy dependence of the electronic transport with respect
to the Fermi energy30. In MTJs, electronic structures
not only in the bulk electrode, but also in the inter-
face can provide an asymmetric energy dependence of
the tunneling conductance. For example, recent the-
oretical studies22,24 have tried to understand the See-
beck effect in MTJs from the density of states (DOS)
of ferromagnetic electrodes. In particular, Boehnke et
al.13 have investigated various ferromagnetic materials
for electrodes in MTJs that have a preferable DOS for
a large Seebeck effect. They have experimentally ob-
served a relatively large Seebeck effect in MTJs such as
Co2FeAl/MgO/CoFeB and Co2FeSi/MgO/CoFe.
While these investigations have focused only on the
bulk electronic structure of the ferromagnetic electrode,
the interface property is also an important factor for
the Seebeck effect in MTJs. For example, the interfa-
cial termination has been found to affect the Seebeck
effect in MTJs18,23,24. Furthermore, Jia et al.25 have
reported that the interface resonant tunneling signifi-
cantly changes the energy dependence of the tunneling
conductance. They have calculated the Seebeck coeffi-
cient of Fe/MgO/Fe(001) MTJs, which are known to ex-
hibit interface resonant tunneling due to the large DOS of
minority-spin states at the interface31–33. While the en-
hancement of the Seebeck coefficient due to the interface
resonant tunneling has been pointed out, detailed prop-
erties of the interface resonant tunneling have not been
discussed in their work25. In particular, it is expected
that the interface resonant tunneling strongly depends
on the structural parameters of MTJs, such as the bar-
rier thickness and lattice distortion.
In the present work, we theoretically investigate the
Seebeck effect in the Fe/MgO/Fe(001) MTJ by using the
linear-response theory combined with a first-principles-
based Landauer-Bu¨ttiker approach while changing the
barrier thickness and the tetragonal distortion of the
in-plane lattice parameter. Since the lattice mismatch
between bcc Fe and MgO is 4%, the Fe/MgO/Fe(001)
MTJ has a tetragonal distortion depending on the in-
plane lattice constant. Such a distortion is expected to
change the interfacial electronic structures and to affect
ar
X
iv
:1
91
2.
01
20
7v
1 
 [c
on
d-
ma
t.m
trl
-sc
i] 
 3 
De
c 2
01
9
2n monolayers
<latexit sha1_base64="Fny86G+eeyJBeAGM nPTsaxseWC4=">AAAEmHicjVO9bhNBEB6HA0L4iQMUCBoLK4jKWhskEJUVCkiXODiJZEfW3XkTV r7bO+2tTZyTX4AXoKABJIpAzwvQ8AIUeYQoZZBoKPh2fYCM48R7utuZb+abn71ZLw5Eohk7yM2 cc85fuDh7ae7ylavX5vML19eTqKt8XvejIFKbnpvwQEhe10IHfDNW3A29gG94nafGvtHjKhGRfK H7Md8K3R0ptoXvakCt/E1ZaGq+q9NCGMkocPvwHbTyRVZidhXGhXImFClbK9FC7gs1qU0R+dSlk DhJ0pADcinB06AyMYqBbVEKTEES1s5pQHPgduHF4eEC7eC7A62RoRK6iZlYto8sAV4FZoEW2Xe 2z47ZN/aZHbJfE2OlNoappY/dG3J53Jp/fWvt55msELuml/9Yp9asaZse21oFao8tYrrwh/ze3p vjtSe1xfQe+8COUP97dsC+ogPZ++F/XOW1t6fU46FvFzpHzMknZ/xCazceEsgre26h7UTiT6XAO 7QEnxR7y+qmyl18U4sPsviT2G3gCh324Negiu23ic6VrWQ0XtvmKWIKBlY6yVaZImc8Rdb473y 5mJPRrOO2abIKe5ZG+jMHESIZXQEp0LK1G76ZTOMt4JWcEVXZ2Z8ctWbtJ0bF/Sz/fxvHhfVKqf ygVFl9WKwuZTd1lu7QXbqPE3lEVXpOK1RHZXv0jvbpk3PbqTrPnOWh60wu49ygkeXUfgNM0v6x< /latexit>
n monolayers
<latexit sha1_base64="Fny86G+eeyJBeAGM nPTsaxseWC4=">AAAEmHicjVO9bhNBEB6HA0L4iQMUCBoLK4jKWhskEJUVCkiXODiJZEfW3XkTV r7bO+2tTZyTX4AXoKABJIpAzwvQ8AIUeYQoZZBoKPh2fYCM48R7utuZb+abn71ZLw5Eohk7yM2 cc85fuDh7ae7ylavX5vML19eTqKt8XvejIFKbnpvwQEhe10IHfDNW3A29gG94nafGvtHjKhGRfK H7Md8K3R0ptoXvakCt/E1ZaGq+q9NCGMkocPvwHbTyRVZidhXGhXImFClbK9FC7gs1qU0R+dSlk DhJ0pADcinB06AyMYqBbVEKTEES1s5pQHPgduHF4eEC7eC7A62RoRK6iZlYto8sAV4FZoEW2Xe 2z47ZN/aZHbJfE2OlNoappY/dG3J53Jp/fWvt55msELuml/9Yp9asaZse21oFao8tYrrwh/ze3p vjtSe1xfQe+8COUP97dsC+ogPZ++F/XOW1t6fU46FvFzpHzMknZ/xCazceEsgre26h7UTiT6XAO 7QEnxR7y+qmyl18U4sPsviT2G3gCh324Negiu23ic6VrWQ0XtvmKWIKBlY6yVaZImc8Rdb473y 5mJPRrOO2abIKe5ZG+jMHESIZXQEp0LK1G76ZTOMt4JWcEVXZ2Z8ctWbtJ0bF/Sz/fxvHhfVKqf ygVFl9WKwuZTd1lu7QXbqPE3lEVXpOK1RHZXv0jvbpk3PbqTrPnOWh60wu49ygkeXUfgNM0v6x< /latexit>
・・・
・・・
d
<latexit sha1_base6 4="exQkGSXVG5GjOQZhG5+j4MO8wVM=">AAAEg 3icjVNLaxNRFD5pp1rrow83gptgqAhCuBkLlk Kh6EZ3TWraQlrCzOS2XjIv7kzS1iF/QLeKC1c KLsS9f8CNf8BFf4K4rODGhd89GZWYps0dZu453 znfedw51419laRCHBcmJq2pCxenL81cvnL12u zc/MJmEnW0J+te5Ed623US6atQ1lOV+nI71tI JXF9uue2Hxr7VlTpRUfgkPYrlbuDsh2pPeU4Kq NpqzpVEWfAqDguVXChRvtaj+cIn2qEWReRRhw KSFFIK2SeHEjwNqpCgGNguZcA0JMV2ST2aAbc DLwkPB2gb331ojRwNoZuYCbM9ZPHxajCLtCi+i g/iRHwRH8U38WtkrIxjmFqOsLt9roybs89vbP w8lxVgT+npP9aZNae0R8tcq0LtMSOmC6/P7z5 7fbKxUlvMbot34jvqfyuOxWd0EHZ/eO+rsvbmj Hpc9O1Al4g5+uSMX8B24xECOeBzC7iTEH8qA9 6mB/DJsDdZN1Ue4psx3svjj2K3gGt02IVfg2z udweda65kMF6L85QwBT2WTrPZY+SMx8ga/50vB 3MymHXYNk5WxWdppD9zECGS0TWQIj1mu+GbyT TeCl7JOVE1z/7oqDW2nxoV97Py/20cFjbtcuV e2a4uldZW8ps6TTfpFt3BidynNXpE61RHZZJe0 Et6ZU1Zdy3bWuq7ThRyznUaWNbqb6jg9g4=</ latexit>
d
<latexit sha1_base6 4="exQkGSXVG5GjOQZhG5+j4MO8wVM=">AAAEg 3icjVNLaxNRFD5pp1rrow83gptgqAhCuBkLlk Kh6EZ3TWraQlrCzOS2XjIv7kzS1iF/QLeKC1c KLsS9f8CNf8BFf4K4rODGhd89GZWYps0dZu453 znfedw51419laRCHBcmJq2pCxenL81cvnL12u zc/MJmEnW0J+te5Ed623US6atQ1lOV+nI71tI JXF9uue2Hxr7VlTpRUfgkPYrlbuDsh2pPeU4Kq NpqzpVEWfAqDguVXChRvtaj+cIn2qEWReRRhw KSFFIK2SeHEjwNqpCgGNguZcA0JMV2ST2aAbc DLwkPB2gb331ojRwNoZuYCbM9ZPHxajCLtCi+i g/iRHwRH8U38WtkrIxjmFqOsLt9roybs89vbP w8lxVgT+npP9aZNae0R8tcq0LtMSOmC6/P7z5 7fbKxUlvMbot34jvqfyuOxWd0EHZ/eO+rsvbmj Hpc9O1Al4g5+uSMX8B24xECOeBzC7iTEH8qA9 6mB/DJsDdZN1Ue4psx3svjj2K3gGt02IVfg2z udweda65kMF6L85QwBT2WTrPZY+SMx8ga/50vB 3MymHXYNk5WxWdppD9zECGS0TWQIj1mu+GbyT TeCl7JOVE1z/7oqDW2nxoV97Py/20cFjbtcuV e2a4uldZW8ps6TTfpFt3BidynNXpE61RHZZJe0 Et6ZU1Zdy3bWuq7ThRyznUaWNbqb6jg9g4=</ latexit>
y
<latexit sha1_base6 4="u+Td/xhOTZ7RQJw2V0A4Ole6xWQ=">AAAEg 3icjVPNahNRFD6pU631p61uBDfBUBGEcDMWlE Kh1I3umtS0hbSEmcltvWT+uDOJTYe8gG4VF64 UXIh7X8CNL+CijyAuK7hx4XdPRiWmaXOHmXvOd 853fu6c68a+SlIhjgpT56zp8xdmLs5eunzl6t z8wrXNJOpoT9a9yI/0tusk0lehrKcq9eV2rKU TuL7cctsPjX2rK3WiovBJ2ovlbuDsh2pPeU4Kq NprzpdEWfAqjgqVXChRvtajhcIn2qEWReRRhw KSFFIK2SeHEjwNqpCgGNguZcA0JMV2SX2aBbc DLwkPB2gb331ojRwNoZuYCbM9ZPHxajCLtCi+i g/iWHwRH8U38WtsrIxjmFp62N0BV8bNuec3Nn 6eyQqwp/T0H+vUmlPaowdcq0LtMSOmC2/A7x6 +Pt5Yri1mt8U78R31vxVH4jM6CLs/vPdVWXtzS j0u+nagS8Qcf3LGL2C78QiBPONzC7iTEH8qA9 6mNfhk2JusmyoP8M0Y7+fxx7FbwDU67MKvQTb 3u4PONVcyHK/FeUqYgj5LJ9nsCXLGE2SN/86Xg zkZzjpqmySr4rM00p85iBDJ6BpIkR6z3fDNZB pvBa/kjKiaZ3981BrbT4yK+1n5/zaOCpt2uXK vbFeXSqvL+U2doZt0i+7gRO7TKj2idaqjMkkv6 CW9sqatu5ZtLQ1cpwo55zoNLWvlN/9r9iM=</ latexit>
z
<latexit sha1_base6 4="xjd0KcOUoni+IuG8TSKpWBLGANI=">AAAEg 3icjVPNahNRFD5pp1rrT1u7EdwEQ0UQws1YUA pCqRvdNalpC2kJM5Pb9pL5484k2g55gbpVXLh ScCHufQE3voCLPoK4rODGhd89GZWYps0dZu453 znf+blzrhv7KkmFOC5MTFpTFy5OX5q5fOXqtd m5+esbSdTRnqx7kR/pLddJpK9CWU9V6sutWEs ncH256bYfGftmV+pEReHT9CCWO4GzF6pd5Tkpo Ophc64kyoJXcVio5EKJ8rUWzRc+0Ta1KCKPOh SQpJBSyD45lOBpUIUExcB2KAOmISm2S+rRDLg deEl4OEDb+O5Ba+RoCN3ETJjtIYuPV4NZpEXxV XwQJ+KL+Ci+iV8jY2Ucw9RygN3tc2XcnD26sf 7zXFaAPaX9f6wza05plx5wrQq1x4yYLrw+v3v 4+mR9ubaY3RbvxHfU/1Yci8/oIOz+8N5XZe3NG fW46NuBLhFz9MkZv4DtxiME8ozPLeBOQvypDH ibVuGTYW+ybqp8jm/GeC+PP4rdAq7RYRd+DbK 53210rrmSwXgtzlPCFPRYOs1mj5EzHiNr/He+H MzJYNZh2zhZFZ+lkf7MQYRIRtdAivSE7YZvJt N4K3gl50TVPPujo9bYfmpU3M/K/7dxWNiwy5V 7Zbu6VFpZzm/qNN2kW3QHJ3KfVugxrVEdlUl6Q S/plTVl3bVsa6nvOlHIOQs0sKyHvwEDmfYk</ latexit>
(a) n = odd
<latexit s ha1_base64="9XMym8D Tldl6Jz7CNbEnpMMAo Qs=">AAAEoXicjVO7bh NBFL0OC4TwiAMNEkJas QkKjTU2SCAkUAQN6Rw HJ5HsyNrHJBl5X5pdm4 TVVnT8AAUVSBQRHUj8A A0/QJFPQJRBoqHgzHg BGceJZ7U79557z33M3n FiXyQpYwelqVPG6TNnp 8/NnL9w8dJsee7yWhL 1pMubbuRHcsOxE+6LkD dTkfp8I5bcDhyfrzvdx 8q+3ucyEVH4NN2L+WZ gb4diS7h2CqhTvt5O+W 6aLdq38rZpDpT50Hwwb 0ael3fKFqswvcxRoVo IFhWrHs2VPlGbPIrIpR 4FxCmkFLJPNiV4WlQlR jGwTcqASUhC2znlNAN uD14cHjbQLr7b0FoFGk JXMRPNdpHFxyvBNGmBf WX77JB9Ye/ZN/ZrbKx Mx1C17GF3Blwed2ZfXl 39eSIrwJ7Szj/WsTWnt EX3dK0CtccaUV24A37 /+avD1fuNhewme8u+o/ 437IB9Rgdh/4f7boU3X h9Tj4O+begcMcefnPI LtF15hECe6XMLdCch/l QGvEuP4JNh72hdVbmLb 6bxvIg/ju0Bl+iwD78 W1XS/bXQudSXD8Tydx8 IU5Fo6ylabIGc8Qdb47 3zZmJPhrKO2SbIKfZZ K+jMHESIpXQIxaVnbFV 9NpvIW8EpOiCr17I+P2 tD2I6Piflb/v42jwlq tUr1dqa3csZYeFjd1mq 7RDVrEidylJXpCdWqis he0Tx/oo2EZy0bdaAx cp0oF5woNLaP1G5qWAP A=</latexit>
(b) n = even
<latexit sh a1_base64="luVnyhFMU8L ImkJPd6tnJX5+9rw=">AAA EonicjVPNbtNAEJ4UA6X8N IULEhKySIrKJdoEJBASUl UuwKlJSFspqSLb2bZW7LW1 dkyL5RsnXoADJ5A4AEcQL8 CFF+DQR0Aci8SFA99uDCik abOWvTPfzDc/61k79NwoZ my/MHPCOHnq9OyZubPnzl+ YLy5cXIuCgXR4ywm8QG7YV sQ9V/BW7MYe3wglt3zb4+t 2/76yrydcRm4gHsd7Id/0 rW3hbrmOFQPqFq92Yr4bp0 v2jaxjmkOlLMx7ZZMnXGTd YolVmF7muFDNhRLlazVYKH yiDvUoIIcG5BMnQTFkjyy K8LSpSoxCYJuUApOQXG3nl NEcuAN4cXhYQPv4bkNr56i ArmJGmu0gi4dXgmnSIvvK3 rID9oW9Z9/Yr4mxUh1D1b KH3R5yedidf365+fNYlo89 pp1/rCNrjmmL7uhaXdQeak R14Qz5ydMXB827jcX0OnvN vqP+V2yffUYHIvnhvKnzx ssj6rHRtwWdI+bkk1N+vrY rDwHkiT43X3ci8KdS4H1ag U+Kvat1VeUuvqnGszz+JHY PuESHCfzaVNP9dtC51JWM xuvpPCVMQaalw2y1KXKGU2 QN/86XhTkZzTpumyarq89S SX/mIEAkpUsgJj3UdsVXk6 m8XXhFx0SVevYnR21o+6F RcT+r/9/GcWGtVqnerNTqt 0rLK/lNnaUrdI2WcCK3aZk e0Cq1UNkzekcf6KNRNh4Zd aM5dJ0p5JxLNLKMzm+8Rw F2</latexit>
Fe
<latexit sha1_base64="RnUSv527iKSV7Jq2 G3lXP0fvxxc=">AAAEi3icjVO9bhNBEB6HA0IgJIEGicbCCqKy1g4SyKKIgoKgSxycBNmRdXfeJ Cvfn+7WJsnJL5CWggIoQKJA9LwADS9AkUdAlEGioeDb8QEyjhPv6W5nvplvfvZmnchTiRbiKDd xzjp/4eLkpanLV6avzszOXVtPwk7sypobemG86diJ9FQga1ppT25GsbR9x5MbTvuhsW90ZZyoMH iq9yO55ds7gdpWrq0BPWtouafTR7LXnC2IouCVHxZKmVCgbK2Ec7lP1KAWheRSh3ySFJCG7JFNC Z46lUhQBGyLUmAxJMV2ST2aArcDLwkPG2gb3x1o9QwNoJuYCbNdZPHwxmDmaV58FR/EsfgiPop v4tfIWCnHMLXsY3f6XBk1Zw5vrP08k+Vj17T7j3VqzZq26T7XqlB7xIjpwu3zuwcvj9cq1fn0tn gnvqP+t+JIfEYHQfeH+35VVl+dUo+Dvm3oEjFHn5zx89luPAIgz/ncfO4kwJ9KgbdpCT4p9ibrp so9fFPGe1n8UewW8BgdduFXpzL320DnMVcyGK/FeQqYgh5LJ9nKY+SMxsga/Z0vG3MymHXYNk5 WxWdppD9zECKS0WMgeXrCdsM3k2m8FbySM6LGPPujo1bZfmJU3M/S/7dxWFgvF0sLxfLq3cJiJb upk3STbtEdnMg9WqTHtEI1VObTC3pNb6xpa8GqWA/6rhO5jHOdBpa1/Bvdhfm+</latexit>
Mg
<latexit sha1_base64="+nC1cwuoP5iI9C8z XalWwILv9Rg=">AAAEi3icjVO9bhNBEB6HA0IgJIEGicbCCqKy1g4SyKKIQEhQICUOToLsyLo7b 5yV7093a5Nw8gvQUlAABUgUiJ4XoOEFKPIIiDJIaVLw7fgAGceJ93S3M9/MNz97s07kqUQLsZ+ bOmOdPXd++sLMxUuzl+fmF66sJ2E3dmXNDb0w3nTsRHoqkDWttCc3o1javuPJDafzwNg3ejJOVB g81XuR3PLtdqC2lWtrQM8aWu7q9Em735wviKLglR8VSplQoGythAu5L9SgFoXkUpd8khSQhuyRT QmeOpVIUARsi1JgMSTFdkl9mgG3Cy8JDxtoB982tHqGBtBNzITZLrJ4eGMw87QovotP4kB8E5/ FD3E0NlbKMUwte9idAVdGzbmX19YOT2X52DXt/GOdWLOmbbrLtSrUHjFiunAH/N6L1wdrlepiel N8ED9R/3uxL76ig6D3y/24KqtvTqjHQd82dImY40/O+PlsNx4BkOd8bj53EuBPpcA7dB8+KfYm6 6bKXXxTxvtZ/HHsFvAYHfbgV6cy99tA5zFXMhyvxXkKmII+S8fZyhPkjCbIGv2dLxtzMpx11DZ JVsVnaaQ/cxAiktFjIHl6zHbDN5NpvBW8klOixjz746NW2X5sVNzP0v+3cVRYLxdLS8Xy6u3Cci W7qdN0nW7QLZzIHVqmR7RCNVTm0yt6S++sWWvJqlj3Bq5TuYxzlYaW9fA3Arv5xw==</latexit >
O
<latexit sha1_base64="YHc8I6VBV8YftF+I b9tAQhLkYPs=">AAAEinicjVO9bhNBEB6Hg4QQSAINEo2FFURlrQ8kQmgioICKxMGJJTuy7s6bs PL96W5tEk5+AUoaitCARIHoeQEaXoAij4Aog0RDwbfjA2QcJ97T3c58M9/87M26sa9SLcRhYeq Mdfbc9Mz52QtzFy/NLyxe3kyjbuLJmhf5UVJ3nVT6KpQ1rbQv63EincD15ZbbeWDsWz2ZpCoKn+ r9WG4Hzm6odpTnaED1ppZ7OnvSby2URFnwKo4KlVwoUb7WosXCJ2pSmyLyqEsBSQpJQ/bJoRRPg yokKAa2TRmwBJJiu6Q+zYLbhZeEhwO0g+8utEaOhtBNzJTZHrL4eBMwi7QkvooP4kh8ER/FN/F rbKyMY5ha9rG7A66MW/Mvr278PJUVYNf07B/rxJo17dAy16pQe8yI6cIb8HsvXh9trFSXshvinf iO+t+KQ/EZHYS9H977dVk9OKEeF3070CVijj854xew3XiEQJ7zuQXcSYg/lQHv0H34ZNhbrJsq9 /DNGO/n8cex28ATdNiDX4Ns7reJzhOuZDhem/OUMAV9lo6z2RPkjCfIGv+dLwdzMpx11DZJVsV naaQ/cxAhktETIEV6zHbDN5NpvBW80lOiJjz746NW2X5sVNzPyv+3cVTYtMuVW2V7/XZpdSW/qT N0ja7TTZzIHVqlR7RGNb6Fr+iA3lhzlm3dte4NXKcKOecKDS3r4W83h/lY</latexit>
FIG. 1. Supercells of the
Fe(7ML)/MgO(nML)/Fe(7ML)(001) MTJ with an (a)
odd and (b) even number of MgO layers. The atomic
configuration at the right interface is different between the
two cases.
the interface resonant tunneling. Here, we use the fol-
lowing two kinds of in-plane lattice constants: one is
the experimental value of the lattice constant of bcc Fe
(a = aFe = 2.866 A˚) and the other is that of MgO
(a = aMgO/
√
2 = 2.987 A˚). These compressive and ex-
tensive tetragonal distortions of the in-plane lattice pa-
rameter can be potentially realized in experiments by
changing the material of the buffer layer or thickness of
the ferromagnetic electrode. For example, the in-plane
lattice constant of the Fe/MgO/Fe(001) MTJ might ap-
proach that of bcc Fe by increasing the thickness of the
Fe electrode. We found that these in-plane lattice distor-
tions significantly influence the energy difference between
bonding and antibonding states of interfacial Fe atoms
around the Fermi level and affect the Seebeck coefficient
of the MTJs. Furthermore, we found that the interface
resonant tunneling also enhances the power factor of the
MTJ for the compressive distortion.
II. CALCULATION PROCEDURE
A. Model
We prepared supercells of
Fe(7ML)/MgO(nML)/Fe(7ML)(001) MTJs for sev-
eral numbers of MgO layers n (from n = 3 to n = 12)
and for two kinds of tetragonal distortions, namely,
the compressive tetragonal distortion of the in-plane
lattice parameter (a = aFe = 2.866 A˚) and the extensive
tetragonal distortion of the in-plane lattice parameter
(a = aMgO/
√
2 = 2.978 A˚). Since stable interface struc-
tures are required for correct estimation of the Seebeck
coefficient, we carried out the structural optimization
for each supercell by using the density-functional
theory (DFT) combined with the generalized gradient
approximation for exchange-correlation energy34, which
was implemented in the Vienna ab-initio simulation
program (VASP)35,36. The details of the structural
optimization are given in our previous work37. A
15× 15× 1 k-point mesh was used in the Brillouin-zone
integrations for all the supercells. As a result of the
calculations, we found that the interface distances were
approximately 2.2 A˚ for the compressive distortion
(a = aFe = 2.866 A˚), and 2.1 A˚ for the extensive
distortion (a = aMgO/
√
2 = 2.978 A˚). The difference in
the interface distance between the two cases significantly
affects the interface resonant tunneling and the Seebeck
effect in MTJs.
B. Calculation of thermoelectric parameters
The electric current in MTJs is given by the Landauer-
Bu¨ttiker formula38 as
I =
e
h
∫
dE τ(E)[fL(E)− fR(E)], (1)
where e(> 0) is the elemental charge, h is the Plank
constant, τ(E) = τ↑(E) + τ↓(E) is the total transmit-
tance in the MTJ with τ↑(E) [τ↓(E)] being the transmit-
tance in the majority-spin (minority-spin) channel, and
fL(R) = [1+e
βL(R)(E−µL(R))]−1 is the Fermi function with
the inverse temperature βL(R) = (kBTL(R))
−1
and the
chemical potential µL(R) of the left (right) Fe electrode.
Here, kB is the Boltzmann constant and TL(R) is the tem-
perature of the left (right) Fe electrode. We calculated
the transmittance by means of the DFT39, which was im-
plemented in the Atomistic ToolKit package (ATK)40–42;
see Refs. [37, 39] for further details on the calculations. In
the DFT calculations implemented in the ATK package,
we utilized the double-ζ polarized basis set. A 7× 7× 50
k-point mesh was used for all of the cases except for the
compressive distortion (a = aFe = 2.866 A˚) with n = 12
(7×7×70 k-point mesh) and for the extensive distortion
(a = aMgO/
√
2 = 2.978 A˚) with n = 10 (10 × 10 × 150
k-point mesh) because of the poor convergence for these
two cases with the 7 × 7 × 50 k-point mesh. We con-
firmed good numerical convergence with the appropriate
k-point meshes above for all of the cases.
In the transport calculations, we set the in-plain k-
points as k‖ = 801 × 801 for all of the cases. These
many in-plane k-points are needed to evaluate some
sharp peaks in the k‖-dependence of the transmit-
tance, which appear in MTJs with the interface resonant
tunneling31,32.
The linear expansion of the electric current with re-
spect to the temperature and the chemical-potential dif-
ferences (∆T = TL − TR and ∆µ = µL − µR) gives the
electric conductance as
G ≡
(
dI
dV
)
∆T=0
= e2L0, (2)
39
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The number of MgO layers n
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(a = aFe = 2.866 A˚)
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FIG. 2. The absolute value of the Seebeck coefficient of the
Fe(7ML)/MgO(nML)/Fe(7ML)(001) MTJ as a function of
the number of MgO layers n for the compressive (a = aFe =
2.866 A˚, red solid curve) and the extensive (a = aMgO/
√
2 =
2.978 A˚, blue dotted curve) distortions.
and the Seebeck coefficient as
S ≡ −
(
∆µ/e
∆T
)
I=0
= − 1
eT
L1
L0
, (3)
where we set TL = TR = T in the linear-response regime.
Here, Lp (p = 0, 1) is the generalized transport coefficient
defined as
Lp ≡ 1
h
∫ ∞
−∞
dE (E − EF)pτ(E)
(
− df
dE
)
, (4)
where EF is the Fermi energy and f = [1 + e
β(E−EF)]−1
with µL = µR = EF and βL = βR = β. Here, we neglect
the temperature dependence of the chemical potential
and assume µ = EF. Throughout the present work, the
temperature T in the Fermi distribution function is fixed
to 300 K.
III. RESULTS AND DISCUSSION
Figure 2 shows the absolute value of the Seebeck coef-
ficient of the Fe(7ML)/MgO(nML)/Fe(7ML)(001) MTJ
in the parallel magnetization configuration as a func-
tion of the number of MgO layers n for the compressive
(a = aFe = 2.866 A˚) and the extensive (a = aMgO/
√
2 =
2.978 A˚) tetragonal distortions of the in-plane lattice pa-
rameter. We only analyzed the Seebeck coefficient for
the parallel magnetization configuration of the MTJ, in
which we can clearly see the effect of the interface res-
onant tunneling on the Seebeck effect. The behavior of
the Seebeck coefficient is completely different between the
two cases. While the Seebeck coefficient for the exten-
sive distortion increases almost gradually and monotoni-
cally as n increases, the one for the compressive distortion
reaches its maximum at n = 5.
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FIG. 3. Plots of −(df/dE) and (E−EF)[−(df/dE)] normal-
ized by kBT at room temperature, T = 300 K, as a function
of energy relative to the Fermi energy E − EF, which are
included in the integrand of the generalized transport coeffi-
cients [Eq. (4)].
The signs of the Seebeck coefficients are all negative ex-
cept for n = 6 and 7 for the compressive distortion. The
absolute values of the Seebeck coefficient are approxi-
mately tens of µV K−1, and these are consistent with
previous theoretical work17,19,25 and experimental work
with CoFeB electrodes14, but the results are about one to
two orders smaller than those observed in the other pre-
vious experiments with CoFeB electrodes7,10,12,13,15,43,44.
This discrepancy might originate from the estimation of
the temperature difference in the experiments as pointed
out in Refs. [25, 45].
We now focus on the following four characteristic be-
haviors of the Seebeck coefficient found in Fig. 2: (1) the
enhancement of the Seebeck coefficient for the compres-
sive distortion for n = 4 and 5 and the relatively small
Seebeck coefficients for the other n, (2) the difference in
the Seebeck coefficient between the compressive and the
extensive distortions for n = 4 and 5, (3) the oscillation
of the Seebeck coefficient on the odd and even n for the
compressive distortion, and (4) the gradual increase in
the Seebeck coefficient for the extensive distortion as n
increases.
In order to investigate these behaviors, we analyzed the
energy dependence of the transmittance since it domi-
nates the behavior of the Seebeck coefficient via the gen-
eralized transport coefficients in Eq. (4). The Seebeck
coefficient increases with decreasing L0 and increasing
L1 as shown in Eq. (3). A small L0, however, results in
a small conductance, thus leading to low electric power.
For example, an insulator usually has a large Seebeck
coefficient but it is not useful for thermoelectric appli-
cations. We therefore focus on how to enhance L1 for a
large Seebeck coefficient. Since (E−EF)[−(df/dE)] ap-
pearing in the integrand in L1 is an antisymmetric func-
tion with respect to the Fermi energy, L1 vanishes with a
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 4<latexit sha1_base6 4="j0VO6Y3YPQRQoxik+q/DSVpomJI=">AAAE hHicjVM7bxNBEB4nRwjhkQcNEo2FFUQB1toJC aKIImigSxycRHIi6+68Tla+l/bOhnDyH4hogY IKJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz 38w3j71ZJ/JUnAhxlBsbt85NnJ+8MHXx0uUr0 zOzc5tx2NaurLqhF+ptx46lpwJZTVTiye1IS9 t3PLnltB4a+1ZH6liFwZPkIJK7vr0XqKZy7QR Q5c5ifaYgioJXflAoZUKBsrUWzuY+0Q41KCSX 2uSTpIASyB7ZFOOpUYkERcB2KQWmISm2S+rSF LhteEl42EBb+O5Bq2VoAN3EjJntIouHV4OZp3 nxVXwQx+KL+Ci+iV9DY6Ucw9RygN3pcWVUnz68 tvHzTJaPPaH9f6xTa06oSfe4VoXaI0ZMF26P3 3n++njjfmU+vSneie+o/604Ep/RQdD54b5fl5 U3p9TjoG8bukTM4Sdn/Hy2G48AyFM+N587CfC nUuAtegCfFHuddVPlM3xTxrtZ/GHsBnCNDjvw q1GZ+91B55or6Y/X4DwFTEGXpZNs5RFyRiNkj f7Ol4056c86aBslq+KzNNKfOQgRyegaSJ4es9 3wzWQabwWv+Iyommd/eNQK20+MivtZ+v82Dgqb 5WJpoSjWFwurS9lNnaTrdINu4USWaZUe0RpVU VmTXtBLemVNWLetBetuz3Usl3GuUt+yVn4Dwl f2Dw==</latexit>
 6
<latexit sha1_base6 4="9ZvZ0QttJvuyUqYfCV9VkoA3mD0=">AAAE hHicjVM7bxNBEB4nRwjhkQcNEo2FFUQB1tohC aKIImigSxycRHIi6+68Tla+l/bOhnDyH4hogY IKJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz 38w3j71ZJ/JUnAhxlBsbt85NnJ+8MHXx0uUr0 zOzc5tx2NaurLqhF+ptx46lpwJZTVTiye1IS9 t3PLnltB4a+1ZH6liFwZPkIJK7vr0XqKZy7QR Q5c5SfaYgioJXflAoZUKBsrUWzuY+0Q41KCSX 2uSTpIASyB7ZFOOpUYkERcB2KQWmISm2S+rSF LhteEl42EBb+O5Bq2VoAN3EjJntIouHV4OZp3 nxVXwQx+KL+Ci+iV9DY6Ucw9RygN3pcWVUnz68 tvHzTJaPPaH9f6xTa06oSfe4VoXaI0ZMF26P3 3n++njjfmU+vSneie+o/604Ep/RQdD54b5fl5 U3p9TjoG8bukTM4Sdn/Hy2G48AyFM+N587CfC nUuAtegCfFHuddVPlM3xTxrtZ/GHsBnCNDjvw q1GZ+91B55or6Y/X4DwFTEGXpZNs5RFyRiNkj f7Ol4056c86aBslq+KzNNKfOQgRyegaSJ4es9 3wzWQabwWv+Iyommd/eNQK20+MivtZ+v82Dgqb 5WJpoSjW7xZWl7KbOknX6Qbdwoks0yo9ojWqo rImvaCX9MqasG5bC9Ziz3Usl3GuUt+yVn4Dyp X2EQ==</latexit>
 8
<latexit sha1_base6 4="y7Sn9pGsNteGi3L5JVzbx6rGv2g=">AAAE hHicjVM7bxNBEB6HI4TwyIMGicbCCqIAa+2Qh 1KgCBroEgcnkZzIujuvk5Xvpb2zSTj5DyBaoK ACiQLR8wdo+AMU+QmIMkg0FHw7PkDGceI93e3M N/PNY2/WiTwVJ0Ic5cbOWefHL0xcnLx0+crVq emZ2c04bGtXVt3QC/W2Y8fSU4GsJirx5Hakpe 07ntxyWg+NfasjdazC4ElyGMld394LVFO5dgK ocne5Pl0QRcErPyiUMqFA2VoLZ3KfaIcaFJJL bfJJUkAJZI9sivHUqESCImC7lALTkBTbJXVpE tw2vCQ8bKAtfPeg1TI0gG5ixsx2kcXDq8HM05 z4Kj6IY/FFfBTfxK+hsVKOYWo5xO70uDKqTz2/ vvHzTJaPPaH9f6xTa06oSctcq0LtESOmC7fH7 zx7fbyxUplLb4l34jvqfyuOxGd0EHR+uO/XZe XNKfU46NuGLhFz+MkZP5/txiMA8pTPzedOAvy pFHiLHsAnxV5n3VR5gG/KeDeLP4zdAK7RYQd+ NSpzvzvoXHMl/fEanKeAKeiydJKtPELOaISs0 d/5sjEn/VkHbaNkVXyWRvozByEiGV0DydNjth u+mUzjreAVnxFV8+wPj1ph+4lRcT9L/9/GQWGz XCzNF8X6vcLqYnZTJ+gG3aTbOJElWqVHtEZVV NakF/SSXlnj1h1r3lrouY7lMs416lvW/d/S0/ YT</latexit>
 10
<latexit s ha1_base64="YUBqbM ZkDCjLC0j3/foQCiIbi js=">AAAEhXicjVO9b hNBEB6Hg4TwkwQaJBoL K4gm1p6JAKUhgga6xMZ JJCey7s4bZ+X7097ZI Zz8Akhpk4IKJApEzwvQ 8AIUeQREGSQaCr6dHC DjOPGe7nbmm/nmZ2/Wj X2VpEIcFSYuWBcvTU5 dnr5y9dr1mdm5G2tJ1N WerHuRH+kN10mkr0JZT 1Xqy41YSydwfbnudp4 a+3pP6kRF4Yt0L5Zbgd MO1bbynBRQbcEWzdmS KAtexWHBzoUS5Wslmit 8ok1qUUQedSkgSSGlk H1yKMHTIJsExcC2KAOm ISm2S+rTNLhdeEl4OEA 7+LahNXI0hG5iJsz2k MXHq8Es0rz4Kj6IY/FF fBTfxK+RsTKOYWrZw+ 6ecGXcnHl9q/bzXFaAP aWdf6wza05pmx5xrQq 1x4yYLrwTfu/V4XFtqT qf3RXvxHfU/1Ycic/oI Oz98N6vyuqbM+px0bc DXSLm6JMzfgHbjUcIZJ fPLeBOQvypDHiHnsAn w95k3VT5Et+M8X4efxS 7BVyjwx78GlThfjfRu eZKBuO1OE8JU9Bn6TRb ZYyc8RhZ47/z5WBOBrM O28bJqvgsjfRnDiJEM roGUqTnbDd8M5nGW8Er OSeq5tkfHbXK9lOj4n 7a/9/GYWGtUrbvl8XqY mn5QX5Tp+g23aF7OJG HtEzPaIXqqKxN+3RAh9 aktWAtWrnvRCHn3KSBZ T3+DaO49kY=</latex it>
0
<latexit sha1_base6 4="orEBhqiA0sBETSvEajqR6vzfRu4=">AAAE g3icjVPNahNRFD6p01qr9sduBDfBUBGEcBOLL YJQdKO7JjVtIS1hZnJbL5k/7kyi7ZAX0K3iwp WCC3HfF+imL9BFH0FcVnDjwu+ejEpM0+YOM/ec 75zv/Nw514k8FSdCnOTGLlnjE5cnr0xdvXZ9e mZ27sZ6HLa1K2tu6IV607Fj6alA1hKVeHIz0t L2HU9uOK0nxr7RkTpWYfA82Yvktm/vBmpHuXY CqCIaswVRFLzyg0IpEwqUrdVwLndAW9SkkFxq k0+SAkoge2RTjKdOJRIUAdumFJiGpNguqUtT4 LbhJeFhA23huwutnqEBdBMzZraLLB5eDWaeFs Sx+CJOxZH4Kr6JX0NjpRzD1LKH3elxZdSYeX1z 7eeFLB97Qi/+sc6tOaEdWuZaFWqPGDFduD1+Z //96drD6kJ6R3wS31H/R3EiDtFB0Pnhfq7I6o dz6nHQtw1dIubwkzN+PtuNRwDkJZ+bz50E+FM p8BY9hk+KvcG6qfIVvinj3Sz+MHYTuEaHHfjV qcz9bqFzzZX0x2tyngKmoMvSWbbyCDmjEbJGf +fLxpz0Zx20jZJV8Vka6c8chIhkdA0kT8/Ybv hmMo23gld8QVTNsz88apXtZ0bF/Sz9fxsHhfVy sXS/KCqLhZUH2U2dpFt0m+7iRJZohZ7SKtVQm aQ39JbeWePWPatsLfZcx3IZZ576lvXoN9Ct9d Q=</latexit>
0.1
<latexit sha1_base6 4="LADphnqSOg+R3EvrFkIj8WNSlaM=">AAAE hXicjVO9bhNBEB6HCwnhJwk0SDQWVhAN1p6JE kSTCBroEhsnkZzIujtvzMr3p72zITn5BZBoSU EFEgWi5wVoeAGKPAKiDBINBd9OLiDjOPGe7nbm m/nmZ2/WjX2VpEIcFiYuWJMXp6YvzVy+cvXa7 Nz89Y0k6mpP1r3Ij/SW6yTSV6Gspyr15VaspR O4vtx0O4+NfbMndaKi8Fm6F8udwGmHald5Tgq oJsp2c64kyoJXcViwc6FE+VqL5gufaZtaFJFH XQpIUkgpZJ8cSvA0yCZBMbAdyoBpSIrtkvo0A 24XXhIeDtAOvm1ojRwNoZuYCbM9ZPHxajCLtC C+iY/iSHwVn8R38XtkrIxjmFr2sLvHXBk3Z1/d rP06lxVgT+n5P9aZNae0Sw+4VoXaY0ZMF94xv 7d/cFR7WF3I7oj34gfqfycOxRd0EPZ+eh/WZf XtGfW46NuBLhFz9MkZv4DtxiME8oLPLeBOQvy pDHiHHsEnw95k3VT5Et+M8X4efxS7BVyjwx78 GlThfrfRueZKBuO1OE8JU9Bn6TRbZYyc8RhZ4 7/z5WBOBrMO28bJqvgsjXQyBxEiGV0DKdJTth u+mUzjreCVnBNV8+yPjlpl+6lRcT/t/2/jsLBR Kdv3y2J9sbS6lN/UabpFt+kuTmSZVukJrVEdl bXpNb2hA2vKumctWrnvRCHn3KCBZa38Aafa9k c=</latexit>
 0.2
<latexit sha1_base6 4="0Zh6lByzPKmaBWEdbOp9gZb/ITc=">AAAE hnicjVM7bxNBEB6HA5zwSAJNJBoLK4iG09o8g qgs0kCXODiJ5ETW3XmTrHwv7Z0N4eQ/QEGbSF QgUSB6/gANf4AiPwFRBomGgm/HB8g4Trynu535 Zr557M26sa+SVIijwtQ56/yFi8XpmUuXr1ydn Zu/tp5EXe3Jhhf5kd50nUT6KpSNVKW+3Iy1dA LXlxtuZ9nYN3pSJyoKn6X7sdwOnN1Q7SjPSQ1 0R9jV1lxZ2IJXaVSo5EKZ8rUSzRc+0Ra1KSKP uhSQpJBSyD45lOBpUoUExcC2KQOmISm2S+rTD LhdeEl4OEA7+O5Ca+ZoCN3ETJjtIYuPV4NZok XxVXwQx+KL+Ci+iV9jY2Ucw9Syj90dcGXcmn21 sPbzTFaAPaW9f6xTa05phx5yrQq1x4yYLrwBv /fy4HjtUX0xuyXeie+o/604Ep/RQdj74b1flf U3p9Tjom8HukTM8Sdn/AK2G48QyHM+t4A7CfG nMuAdegyfDHuLdVPlC3wzxvt5/HHsNnCNDnvw a1KV+91C55orGY7X5jxlTEGfpZNs1QlyxhNkj f/Ol4M5Gc46apskq+KzNNKfOYgQyegaSImest 3wzWQabwWv5Iyommd/fNQ620+MivtZ+f82jgrr Vbty1xar98q1B/lNLdINukm3cSJLVKMntEINV LZHr+mADq2iZVv3raWB61Qh51ynoWXVfgONhf Z/</latexit>
 0.1
<latexit sha1_base6 4="tR+h4ekeIZYFNAAfeixqStywnRA=">AAAE hnicjVM7bxNBEB6HA0x4JIEGicbCCqLhtGceQ VQWNNAlDk4iOZF1d94kK99Le2dDOPkPUNAGiQ okCkTPH6DhD1DkJyDKINFQ8O34ABnHifd0tzPf zDePvVkvCVSaCXFQmjllnT5ztnxu9vyFi5fm5 hcur6VxT/uy6cdBrDc8N5WBimQzU1kgNxIt3d AL5LrXfWTs632pUxVHT7O9RG6F7k6ktpXvZga 6JWynPV8VtuBVGRecQqhSsZbjhdIn2qQOxeRT j0KSFFEGOSCXUjwtckhQAmyLcmAakmK7pAHNg tuDl4SHC7SL7w60VoFG0E3MlNk+sgR4NZgVWh RfxQdxKL6Ij+Kb+DUxVs4xTC172L0hVybtuZdX V3+eyAqxZ7T7j3VszRlt032uVaH2hBHThT/k9 1/sH64+aCzmN8Q78R31vxUH4jM6iPo//Pcrsv HmmHo89O1Cl4g5+eSMX8h24xEBecbnFnInEf5 UDrxLD+GTY2+zbqp8jm/O+KCIP4ndAa7RYR9+ Lapxv5voXHMlo/E6nKeKKRiwdJStNkXOZIqsy d/5cjEno1nHbdNkVXyWRvozBzEiGV0DqdATth u+mUzjreCVnhBV8+xPjtpg+5FRcT+d/2/juLBW s53btli5U63fK25qma7RdbqJE1miOj2mZWqis l16Rfv02ipbtnXXWhq6zpQKzhUaWVb9N4lm9n 4=</latexit>
0.2
<latexit sha1_base64="f+uPFztWNT1WlSzb 1sh7mQx2PmU=">AAAEhXicjVPNThNRFD6FQRB/ANmYsGlsMG5sbitR40aiG9lBa4GkkGZmeqk3 nb/cmVZw0hcgcSsLV5q4MOx5ATe+gAsewbjExI0Lv3sYNLUUeicz95zvnO/83DnXiTwVJ0Ic58 bGrYkrk1NXp69dv3FzZnbu1nocdrQra27ohXrTsWPpqUDWEpV4cjPS0vYdT2447efGvtGVOlZh 8DLZi+S2b7cCtaNcOwFUFcVyY7YgioJXflAoZUKBsrUazuWOaIuaFJJLHfJJUkAJZI9sivHUqUS CImDblALTkBTbJfVoGtwOvCQ8bKBtfFvQ6hkaQDcxY2a7yOLh1WDmaVF8E5/FifgqDsV38Xtor JRjmFr2sDunXBk1ZvZvV39dyvKxJ/TqH+vCmhPaocdcq0LtESOmC/eU331zcFJ9UllM74qP4gf q/yCOxRd0EHR/up/WZOX9BfU46NuGLhFz+MkZP5/txiMA8prPzedOAvypFHibnsEnxd5g3VS5i2 /KeC+LP4zdBK7RYRd+dSpzv1voXHMl/fGanKeAKeixdJ6tPELOaISs0d/5sjEn/VkHbaNkVXyW RjqbgxCRjK6B5GmF7YZvJtN4K3jFl0TVPPvDo1bYfm5U3M/S/7dxUFgvF0sPimJtqbD8MLupU7 RAd+geTuQRLdMLWqUaKmvRW3pHB9akdd9asjLfsVzGmae+ZT39A6v59kg=</latexit>
 12<latexit s ha1_base64="eCBqQv viDhP33qFrSRSAYx+/X l0=">AAAEhXicjVO9b hNBEB6Hg4TwkwQaJBoL K4gm1t4RAaIhgga6xMZ JJCey7s4bZ+X7097ZE E5+ASRaUlCBRIHoeQEa XoAij4Aog0RDwbeTA2 QcJ97T3c58M9/87M16S aDSTIiD0tQZ6+y56Zn zsxcuXro8N79wZT2Ne9 qXDT8OYr3puakMVCQbm coCuZlo6YZeIDe87iN j3+hLnao4eprtJXI7dD uR2lG+mwGqL9lOa74i qoJXeVSwC6FCxVqNF0q faIvaFJNPPQpJUkQZ5 IBcSvE0ySZBCbBtyoFp SIrtkgY0C24PXhIeLtA uvh1ozQKNoJuYKbN9Z AnwajDLtCi+ig/iUHwR H8U38WtsrJxjmFr2sH tHXJm05l5eq/88lRViz 2j3H+vEmjPaoXtcq0L tCSOmC/+I33+xf1i/X1 vMb4p34jvqfysOxGd0E PV/+O/XZO3NCfV46Nu FLhFz/MkZv5DtxiMC8o zPLeROIvypHHiXHsIn x95i3VT5HN+c8UERfxy 7DVyjwz78muRwv1voX HMlw/HanKeCKRiwdJzN mSBnMkHW5O98uZiT4ay jtkmyKj5LI/2ZgxiRj K6BlOkJ2w3fTKbxVvBK T4mqefbHR62x/diouJ /2/7dxVFh3qvbtqrO2X Fm5U9zUGbpON+gWTuQ urdBjWqUGKuvQK3pN+9 a0tWQtW4XvVKngXKWhZ T34Daya9ko=</latex it>
0
<latexit sha1_base64="orEBhqiA0sBETSvEajqR6vzfRu4=">AAAEg3icjVPNahNRFD6p01q r9sduBDfBUBGEcBOLLYJQdKO7JjVtIS1hZnJbL5k/7kyi7ZAX0K3iwpWCC3HfF+imL9BFH0FcVnDjwu+ejEpM0+YOM/ec75zv/Nw514k8FSdCnOTGLlnjE5cnr0xdvXZ9emZ27sZ6HLa1K2tu6IV 607Fj6alA1hKVeHIz0tL2HU9uOK0nxr7RkTpWYfA82Yvktm/vBmpHuXYCqCIaswVRFLzyg0IpEwqUrdVwLndAW9SkkFxqk0+SAkoge2RTjKdOJRIUAdumFJiGpNguqUtT4LbhJeFhA23huwutnqEB dBMzZraLLB5eDWaeFsSx+CJOxZH4Kr6JX0NjpRzD1LKH3elxZdSYeX1z7eeFLB97Qi/+sc6tOaEdWuZaFWqPGDFduD1+Z//96drD6kJ6R3wS31H/R3EiDtFB0Pnhfq7I6odz6nHQtw1dIubwkzN+ PtuNRwDkJZ+bz50E+FMp8BY9hk+KvcG6qfIVvinj3Sz+MHYTuEaHHfjVqcz9bqFzzZX0x2tyngKmoMvSWbbyCDmjEbJGf+fLxpz0Zx20jZJV8Vka6c8chIhkdA0kT8/YbvhmMo23gld8QVTNsz88a pXtZ0bF/Sz9fxsHhfVysXS/KCqLhZUH2U2dpFt0m+7iRJZohZ7SKtVQmaQ39JbeWePWPatsLfZcx3IZZ576lvXoN9Ct9dQ=</latexit>
0.1
<latexit sha1_base64="LADphnqSOg+R3EvrFkIj8WNSlaM=">AAAEhXicjVO9bhNBEB6HCwn hJwk0SDQWVhAN1p6JEkSTCBroEhsnkZzIujtvzMr3p72zITn5BZBoSUEFEgWi5wVoeAGKPAKiDBINBd9OLiDjOPGe7nbmm/nmZ2/WjX2VpEIcFiYuWJMXp6YvzVy+cvXa7Nz89Y0k6mpP1r3Ij/S W6yTSV6Gspyr15VaspRO4vtx0O4+NfbMndaKi8Fm6F8udwGmHald5TgqoJsp2c64kyoJXcViwc6FE+VqL5gufaZtaFJFHXQpIUkgpZJ8cSvA0yCZBMbAdyoBpSIrtkvo0A24XXhIeDtAOvm1ojRwN oZuYCbM9ZPHxajCLtCC+iY/iSHwVn8R38XtkrIxjmFr2sLvHXBk3Z1/drP06lxVgT+n5P9aZNae0Sw+4VoXaY0ZMF94xv7d/cFR7WF3I7oj34gfqfycOxRd0EPZ+eh/WZfXtGfW46NuBLhFz9MkZ v4DtxiME8oLPLeBOQvypDHiHHsEnw95k3VT5Et+M8X4efxS7BVyjwx78GlThfrfRueZKBuO1OE8JU9Bn6TRbZYyc8RhZ47/z5WBOBrMO28bJqvgsjXQyBxEiGV0DKdJTthu+mUzjreCVnBNV8+yPj lpl+6lRcT/t/2/jsLBRKdv3y2J9sbS6lN/UabpFt+kuTmSZVukJrVEdlbXpNb2hA2vKumctWrnvRCHn3KCBZa38Aafa9kc=</latexit>
0.2
<latexit sha1_base64="f+uPFztWNT1WlSzb1sh7mQx2PmU=">AAAEhXicjVPNThNRFD6FQRB /ANmYsGlsMG5sbitR40aiG9lBa4GkkGZmeqk3nb/cmVZw0hcgcSsLV5q4MOx5ATe+gAsewbjExI0Lv3sYNLUUeicz95zvnO/83DnXiTwVJ0Ic58bGrYkrk1NXp69dv3FzZnbu1nocdrQra27ohXr TsWPpqUDWEpV4cjPS0vYdT2447efGvtGVOlZh8DLZi+S2b7cCtaNcOwFUFcVyY7YgioJXflAoZUKBsrUazuWOaIuaFJJLHfJJUkAJZI9sivHUqUSCImDblALTkBTbJfVoGtwOvCQ8bKBtfFvQ6hka QDcxY2a7yOLh1WDmaVF8E5/FifgqDsV38XtorJRjmFr2sDunXBk1ZvZvV39dyvKxJ/TqH+vCmhPaocdcq0LtESOmC/eU331zcFJ9UllM74qP4gfq/yCOxRd0EHR/up/WZOX9BfU46NuGLhFz+MkZ P5/txiMA8prPzedOAvypFHibnsEnxd5g3VS5i2/KeC+LP4zdBK7RYRd+dSpzv1voXHMl/fGanKeAKeixdJ6tPELOaISs0d/5sjEn/VkHbaNkVXyWRjqbgxCRjK6B5GmF7YZvJtN4K3jFl0TVPPvDo 1bYfm5U3M/S/7dxUFgvF0sPimJtqbD8MLupU7RAd+geTuQRLdMLWqUaKmvRW3pHB9akdd9asjLfsVzGmae+ZT39A6v59kg=</latexit>
 0.2
<latexit sha1_base64="0Zh6lByzPKmaBWEd bOp9gZb/ITc=">AAAEhnicjVM7bxNBEB6HA5zwSAJNJBoLK4iG09o8gqgs0kCXODiJ5ETW3XmT rHwv7Z0N4eQ/QEGbSFQgUSB6/gANf4AiPwFRBomGgm/HB8g4Trynu535Zr557M26sa+SVIijwt Q56/yFi8XpmUuXr1ydnZu/tp5EXe3Jhhf5kd50nUT6KpSNVKW+3Iy1dALXlxtuZ9nYN3pSJyoK n6X7sdwOnN1Q7SjPSQ10R9jV1lxZ2IJXaVSo5EKZ8rUSzRc+0Ra1KSKPuhSQpJBSyD45lOBpUoU ExcC2KQOmISm2S+rTDLhdeEl4OEA7+O5Ca+ZoCN3ETJjtIYuPV4NZokXxVXwQx+KL+Ci+iV9jY 2Ucw9Syj90dcGXcmn21sPbzTFaAPaW9f6xTa05phx5yrQq1x4yYLrwBv/fy4HjtUX0xuyXeie+ o/604Ep/RQdj74b1flfU3p9Tjom8HukTM8Sdn/AK2G48QyHM+t4A7CfGnMuAdegyfDHuLdVPlC3 wzxvt5/HHsNnCNDnvwa1KV+91C55orGY7X5jxlTEGfpZNs1QlyxhNkjf/Ol4M5Gc46apskq+Kz NNKfOYgQyegaSImest3wzWQabwWv5Iyommd/fNQ620+MivtZ+f82jgrrVbty1xar98q1B/lNLd INukm3cSJLVKMntEINVLZHr+mADq2iZVv3raWB61Qh51ynoWXVfgONhfZ/</latexit>
 0.1
<latexit sha1_base64="tR+h4ekeIZYFNAAf eixqStywnRA=">AAAEhnicjVM7bxNBEB6HA0x4JIEGicbCCqLhtGceQVQWNNAlDk4iOZF1d94k K99Le2dDOPkPUNAGiQokCkTPH6DhD1DkJyDKINFQ8O34ABnHifd0tzPfzDePvVkvCVSaCXFQmj llnT5ztnxu9vyFi5fm5hcur6VxT/uy6cdBrDc8N5WBimQzU1kgNxIt3dAL5LrXfWTs632pUxVH T7O9RG6F7k6ktpXvZga6JWynPV8VtuBVGRecQqhSsZbjhdIn2qQOxeRTj0KSFFEGOSCXUjwtckh QAmyLcmAakmK7pAHNgtuDl4SHC7SL7w60VoFG0E3MlNk+sgR4NZgVWhRfxQdxKL6Ij+Kb+DUxV s4xTC172L0hVybtuZdXV3+eyAqxZ7T7j3VszRlt032uVaH2hBHThT/k91/sH64+aCzmN8Q78R3 1vxUH4jM6iPo//PcrsvHmmHo89O1Cl4g5+eSMX8h24xEBecbnFnInEf5UDrxLD+GTY2+zbqp8jm /O+KCIP4ndAa7RYR9+Lapxv5voXHMlo/E6nKeKKRiwdJStNkXOZIqsyd/5cjEno1nHbdNkVXyW RvozBzEiGV0DqdATthu+mUzjreCVnhBV8+xPjtpg+5FRcT+d/2/juLBWs53btli5U63fK25qma 7RdbqJE1miOj2mZWqisl16Rfv02ipbtnXXWhq6zpQKzhUaWVb9N4lm9n4=</latexit>
lo
g
1
0
⌧
(E
)
<latexit sha1_base64="IOHTJ0p8ZHe9mJqTlbycdPn84AU="></latexit>
(a) total
<latexit sha1_base6 4="dpvZLndN+MCkEnufW5ze8fJ6f88=">AAAE nXicjVNPaxNBFH+pq9b6p6leFA8uhkq9hEkUF A9SFEFBpE1NU0hKmN1M2yX7j9lJbF0W734BD5 4UehBBb34BL34BD/0I4rGCFw/+ZrIqMU2bWXbn vd97v/dn9o0T+16iGNsrTB2zjp84OX1q5vSZs +dmi3PnV5OoJ11RdyM/kmsOT4TvhaKuPOWLtV gKHji+aDjd+9re6AuZeFH4VO3EYj3gm6G34bl cAWoXL7WU2FbpAr+e2S17oKhIcT9rF0uszMyy R4VKLpQoX0vRXOETtahDEbnUo4AEhaQg+8Qpw dOkCjGKga1TCkxC8oxdUEYz4PbgJeDBgXbx3Y TWzNEQuo6ZGLaLLD5eCaZN8+wre8f22Rf2nn1j v8bGSk0MXcsOdmfAFXF79uXFlZ9HsgLsirb+s Q6tWdEG3Ta1eqg9Nojuwh3w+89f7a/cqc2n19 hb9h31v2F77DM6CPs/3N1lUXt9SD0O+ubQBWK OPzntFxi79giBPDPnFphOQvypFHiX7sEnxd42 uq5yG9/U4Fkefxy7A1yiwz78mlQ1/bbQuTSVD MfrmDwlTEFmpINs1QlyxhNkjf/OF8ecDGcdtU 2S1TNnqaU/cxAhktYlEJseGbvm68nU3h68kiOi SjP746PWjP3AqLiflf9v46iwWi1XbpSryzdLi 3fzmzpNl+kqLeBEbtEiPaQlqqOyF7RLH+ijdc V6YD22ngxcpwo55wINLavxG7pNAII=</latex it>
(b) majority
<latexit sha1_base64="tWJnyfs74eQJAgcj K09Rjl5PXQI=">AAAEoHicjVO9bhNBEB6HA0L4iQMNEhRWrKDQWGuDBKJAETShInZwEmFH1t15 Exbfn/bWJuZ0DSUvQEEFEhKICgpegIYXoMgjRCmDREPBt+sDZBwn3tPdznwz3/zszTqRJ2LF2G 5u6oR18tTp6TMzZ8+dvzCbn7u4Fodd6fK6G3qh3HDsmHsi4HUllMc3Islt3/H4utO5r+3rPS5j EQaPVD/im769HYgt4doKUCt/tan4jkoWnetpoVkYKL79NJRC9dNWvshKzKzCqFDOhCJlayWcy32 hJrUpJJe65BOngBRkj2yK8TSoTIwiYJuUAJOQhLFzSmkG3C68ODxsoB18t6E1MjSArmPGhu0ii 4dXglmgBfadfWAH7Bv7yPbYr7GxEhND19LH7gy4PGrNvry8+vNYlo9d0ZN/rCNrVrRFt02tArV HBtFduAN+7/mrg9U7tYXkGnvL9lH/G7bLvqKDoPfDfVfltddH1OOgbxs6R8zxJ6f9fGPXHgGQZ+ bcfNNJgD+VAO/QPfgk2FtG11Xu4JsYPM3ij2O3gUt02INfgyqm3yY6l6aS4Xhtk6eIKUiNdJit MkHOaIKs0d/5sjEnw1lHbZNkFeYstfRnDkJE0roEUqAHxq75ejK1t4BXfExUaWZ/fNSasR8aFf ez/P9tHBXWKqXyjVKlerO4dDe7qdN0heZpESdyi5ZomVaojspe0Hv6RJ+teWvZemhVB65TuYxz iYaW9fg3p/gB7A==</latexit>
(c) minority
<latexit sha1_base64="SbNgGm+985JIV0FL QaVscHh0vps=">AAAEoHicjVO9bhNBEB6HA0L4iQMNEhRWrKDQWGsTKYgCRdCEitjBSYQdWXfn TbLy/WlvbWJO11DyAhRUICGBqKDgBWh4AYo8AqIMEg0F364PkHGceE93O/PNfPOzN+tEnogVYw e5qVPW6TNnp8/NnL9w8dJsfu7yRhx2pcvrbuiFcsuxY+6JgNeVUB7fiiS3fcfjm07nvrZv9riM RRg8Uv2Ib/v2biB2hGsrQK389abi+ypZdG+mhWZhoPgiCKVQ/bSVL7ISM6swKpQzoUjZWgvncp+ oSW0KyaUu+cQpIAXZI5tiPA0qE6MI2DYlwCQkYeycUpoBtwsvDg8baAffXWiNDA2g65ixYbvI4 uGVYBZogX1l79gh+8Les2/s19hYiYmha+ljdwZcHrVmn19d/3kiy8euaO8f69iaFe3QbVOrQO2 RQXQX7oDfe/ricP1ObSG5wV6z76j/FTtgn9FB0Pvhvqny2stj6nHQtw2dI+b4k9N+vrFrjwDIE3 NuvukkwJ9KgHfoHnwS7C2j6yr38U0Mnmbxx7HbwCU67MGvQRXTbxOdS1PJcLy2yVPEFKRGOspW mSBnNEHW6O982ZiT4ayjtkmyCnOWWvozByEiaV0CKdADY9d8PZnaW8ArPiGqNLM/PmrN2I+Miv tZ/v82jgoblVL5VqlSXSqu3M1u6jRdo3laxIks0wqt0hrVUdkzeksf6KM1b61aD63qwHUql3Gu 0NCyHv8G3e8B+Q==</latexit>
n = 4
<latexit sha1_base6 4="U1R6H7EMkjPB7SmfI9ds77DIEzk=">AAAE hXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWI CREBA10iY2TSE5k3Z03zsr30t7ZEE7+A0i0pE gVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz 38w3j71ZJ/JUnAhxlJs6Z52/MD0zO3fx0uUr8 wuLV9fjsKtdWXdDL9Sbjh1LTwWynqjEk5uRlr bveHLD6Twx9o2e1LEKg+fJXiS3fbsdqB3l2gm gWvCw0lwoiKLglR8VSplQoGythou5T7RFLQrJ pS75JCmgBLJHNsV4GlQiQRGwbUqBaUiK7ZL6N AduF14SHjbQDr5taI0MDaCbmDGzXWTx8Gow87 QsvooP4lh8ER/FN/FrbKyUY5ha9rA7A66MmvOv l2o/z2T52BPa/cc6teaEdug+16pQe8SI6cId8 Huv9o9rD6rL6U3xTnxH/YfiSHxGB0Hvh/t+TV YPTqnHQd82dImY40/O+PlsNx4BkBd8bj53EuB PpcA79Bg+KfYm66bKl/imjPez+OPYLeAaHfbg 16Ay97uFzjVXMhyvxXkKmII+SyfZyhPkjCbIG v2dLxtzMpx11DZJVsVnaaQ/cxAiktE1kDw9Y7 vhm8k03gpe8RlRNc/++KhVtp8YFfez9P9tHBXW y8XSnWJ5rVJYqWQ3dYau0w26hRO5Ryv0lFapj sra9Ibe0r41bd22KtbdgetULuNco6FlPfoN8i 72lw==</latexit>
n = 5
<latexit sha1_base6 4="hvbULNGVHs6d+tnOX8vRtfWSLp0=">AAAE hXicjVM7bxNBEB6Hg4TwSAINEo2FFUSDtTbmo UiICBroEhsnkZzIujtvzMr30t7ZIZz8B5BoSU GVSBSInj9Awx+gyE9AlEGioeDb8QEyjhPv6W5n vplvHnuzTuSpOBHiMDd1xjp7bnrm/OyFi5cuz 80vXFmLw652Zd0NvVBvOHYsPRXIeqIST25EWt q+48l1p/PE2Nd7UscqDJ4nu5Hc8u12oLaVaye AasHDu835gigKXvlRoZQJBcrWSriQ+0Sb1KKQ XOqST5ICSiB7ZFOMp0ElEhQB26IUmIak2C6pT 7PgduEl4WED7eDbhtbI0AC6iRkz20UWD68GM0 +L4qv4II7EF/FRfBO/xsZKOYapZRe7M+DKqDn3 +lrt56ksH3tCL/6xTqw5oW16wLUq1B4xYrpwB /zeq72j2lJ1Mb0pDsR31L8vDsVndBD0frjvV2 X13Qn1OOjbhi4Rc/zJGT+f7cYjALLD5+ZzJwH +VAq8Q4/hk2Jvsm6qfIlvyng/iz+O3QKu0WEP fg0qc7+b6FxzJcPxWpyngCnos3ScrTxBzmiCr NHf+bIxJ8NZR22TZFV8lkb6MwchIhldA8nTM7 YbvplM463gFZ8SVfPsj49aZfuxUXE/S//fxlFh rVws3SmWVyuF5Up2U2foOt2gWziR+7RMT2mF6 qisTW/oLe1Z09Ztq2LdG7hO5TLOVRpa1qPf9k 32mA==</latexit>
n = 6
<latexit sha1_base6 4="e0/f5kzPwAs0I8tKihYYpv8jgbI=">AAAE hXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTZWQ EiICBroEhsnkZzIujtvzMr30t7ZEE7+A0i0pE gVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz 38w3j71ZJ/JUnAhxlJs6Z52/MD0zO3fx0uUr8 wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlr bveHLT6Tw29s2e1LEKg2fJXiR3fLsdqF3l2gm gWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSS S13ySVJACWSPbIrxNKhEgiJgO5QC05AU2yX1a Q7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5m lZfBUfxLH4Ij6Kb+LX2FgpxzC17GF3BlwZNedf L9V+nsnysSf0/B/r1JoT2qV7XKtC7REjpgt3w O+92j+u3a8upzfFO/Ed9R+KI/EZHQS9H+77dV k9OKUeB33b0CVijj854+ez3XgEQF7wufncSYA /lQLv0CP4pNibrJsqX+KbMt7P4o9jt4BrdNiD X4PK3O82OtdcyXC8FucpYAr6LJ1kK0+QM5oga /R3vmzMyXDWUdskWRWfpZH+zEGISEbXQPL0lO 2GbybTeCt4xWdE1Tz746NW2X5iVNzP0v+3cVTY KBdLd4rl9UphtZLd1Bm6TjfoFk7kLq3SE1qjO ipr0xt6S/vWtHXbqlgrA9epXMa5RkPLevgb+m z2mQ==</latexit>
n = 7
<latexit sha1_base6 4="MtWgUhpOovOYuz0HrjCPtsbVmYE=">AAAE hXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWQ UiICBroEhsnkZzIujtvzMr30t7ZEE7+A0i0pE gVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz 38w3j71ZJ/JUnAhxlJs6Z52/MD0zO3fx0uUr8 wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlr bveHLT6Tw29s2e1LEKg2fJXiR3fLsdqF3l2gm gWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSS S13ySVJACWSPbIrxNKhEgiJgO5QC05AU2yX1a Q7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5m lZfBUfxLH4Ij6Kb+LX2FgpxzC17GF3BlwZNedf L9V+nsnysSf0/B/r1JoT2qV7XKtC7REjpgt3w O+92j+u3a8upzfFO/Ed9R+KI/EZHQS9H+77dV k9OKUeB33b0CVijj854+ez3XgEQF7wufncSYA /lQLv0CP4pNibrJsqX+KbMt7P4o9jt4BrdNiD X4PK3O82OtdcyXC8FucpYAr6LJ1kK0+QM5oga /R3vmzMyXDWUdskWRWfpZH+zEGISEbXQPL0lO 2GbybTeCt4xWdE1Tz746NW2X5iVNzP0v+3cVTY KBdLd4rl9UphtZLd1Bm6TjfoFk5khVbpCa1RH ZW16Q29pX1r2rptVay7A9epXMa5RkPLevgb/o v2mg==</latexit>
n = 8
<latexit sha1_base6 4="9VVtrCyw63xk7SmeJsnxM5bUdm8=">AAAE hXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWR EiICBroEhsnkZzIujtvzMr30t7ZEE7+A0i0pE gVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz 38w3j71ZJ/JUnAhxlJs6Z52/MD0zO3fx0uUr8 wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlr bveHLT6Tw29s2e1LEKg2fJXiR3fLsdqF3l2gm gWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSS S13ySVJACWSPbIrxNKhEgiJgO5QC05AU2yX1a Q7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5m lZfBUfxLH4Ij6Kb+LX2FgpxzC17GF3BlwZNedf L9V+nsnysSf0/B/r1JoT2qUVrlWh9ogR04U74 Pde7R/X7leX05vinfiO+g/FkfiMDoLeD/f9uq wenFKPg75t6BIxx5+c8fPZbjwCIC/43HzuJMC fSoF36BF8UuxN1k2VL/FNGe9n8cexW8A1OuzB r0Fl7ncbnWuuZDhei/MUMAV9lk6ylSfIGU2QN fo7XzbmZDjrqG2SrIrP0kh/5iBEJKNrIHl6yn bDN5NpvBW84jOiap798VGrbD8xKu5n6f/bOCps lIulO8XyeqWwWslu6gxdpxt0Cydyj1bpCa1RH ZW16Q29pX1r2rptVay7A9epXMa5RkPLevgbAr n2mw==</latexit>
n = 9
<latexit sha1_base6 4="8OnEMYv+lkmG03JZ5otGEANBXkc=">AAAE hXicjVM7bxNBEB6Hg4TwSAINEo2FFUSDtTYWj 0iICBroEhsnkZzIujtvzMr30t7ZIZz8B5BoSU GVSBSInj9Awx+gyE9AlEGioeDb8QEyjhPv6W5n vplvHnuzTuSpOBHiMDd1xjp7bnrm/OyFi5cuz 80vXFmLw652Zd0NvVBvOHYsPRXIeqIST25EWt q+48l1p/PE2Nd7UscqDJ4nu5Hc8u12oLaVaye AasHDB835gigKXvlRoZQJBcrWSriQ+0Sb1KKQ XOqST5ICSiB7ZFOMp0ElEhQB26IUmIak2C6pT 7PgduEl4WED7eDbhtbI0AC6iRkz20UWD68GM0 +L4qv4II7EF/FRfBO/xsZKOYapZRe7M+DKqDn3 +lrt56ksH3tCL/6xTqw5oW26z7Uq1B4xYrpwB /zeq72j2lJ1Mb0pDsR31L8vDsVndBD0frjvV2 X13Qn1OOjbhi4Rc/zJGT+f7cYjALLD5+ZzJwH +VAq8Q4/hk2Jvsm6qfIlvyng/iz+O3QKu0WEP fg0qc7+b6FxzJcPxWpyngCnos3ScrTxBzmiCr NHf+bIxJ8NZR22TZFV8lkb6MwchIhldA8nTM7 YbvplM463gFZ8SVfPsj49aZfuxUXE/S//fxlFh rVws3SmWVyuF5Up2U2foOt2gWziRe7RMT2mF6 qisTW/oLe1Z09Ztq2LdHbhO5TLOVRpa1qPfBt j2nA==</latexit>
n = 10
<latexit sha1_base6 4="9yJ1DozpUDwIZvQQW8tBURsZnP0=">AAAE hnicjVO9bhNBEB6HA0z4SQINEo2FFURl7ZmgI CQkizShSxycRHIi6+68SVa+P+2dDeHkF6BIm0 hUIFEgel6AhhegyCMgyiDRUPDt+AAZx4n3dLcz 38w3P3uzbuyrJBXiuDB1wbp46XLxyvTVa9dvz MzO3VxPoq72ZMOL/Ehvuk4ifRXKRqpSX27GWj qB68sNt7Nk7Bs9qRMVhc/T/VhuB85uqHaU56Q GCp/YojVbFhXBqzQq2LlQpnytRHOFT7RFbYrI oy4FJCmkFLJPDiV4mmSToBjYNmXANCTFdkl9m ga3Cy8JDwdoB99daM0cDaGbmAmzPWTx8WowSz QvvooP4kR8ER/FN/FrbKyMY5ha9rG7A66MWzOv b6/9PJcVYE9p7x/rzJpT2qFHXKtC7TEjpgtvw O+9OjxZe1yfz+6Jd+I76n8rjsVndBD2fnjvV2 X9zRn1uOjbgS4Rc/zJGb+A7cYjBPKCzy3gTkL 8qQx4h57CJ8PeYt1U+RLfjPF+Hn8cuw1co8Me /JpU5X630LnmSobjtTlPGVPQZ+k0W3WCnPEEW eO/8+VgToazjtomyar4LI30Zw4iRDK6BlKiZ2 w3fDOZxlvBKzknqubZHx+1zvZTo+J+2v/fxlFh vVqxH1Sqqwvl2kJ+U4t0h+7SfZzIItVomVaog cr26IAO6cgqWhXrobU4cJ0q5JxbNLSs2m/UD/ bO</latexit>
n = 11
<latexit sha1_base6 4="0Rr6G5QbfePbQr0drB7mSk4JNLU=">AAAE hnicjVO9bhNBEB6HA0z4SQINEo2FFURl7ZmgI CQkizShSxycRHIi6+68SVa+P+2dDeHkF6BIm0 hUIFEgel6AhhegyCMgyiDRUPDt+AAZx4n3dLcz 38w3P3uzbuyrJBXiuDB1wbp46XLxyvTVa9dvz MzO3VxPoq72ZMOL/Ehvuk4ifRXKRqpSX27GWj qB68sNt7Nk7Bs9qRMVhc/T/VhuB85uqHaU56Q GCp/Ydmu2LCqCV2lUsHOhTPlaieYKn2iL2hSR R10KSFJIKWSfHErwNMkmQTGwbcqAaUiK7ZL6N A1uF14SHg7QDr670Jo5GkI3MRNme8ji49Vglm hefBUfxIn4Ij6Kb+LX2FgZxzC17GN3B1wZt2Ze 3177eS4rwJ7S3j/WmTWntEOPuFaF2mNGTBfeg N97dXiy9rg+n90T78R31P9WHIvP6CDs/fDer8 r6mzPqcdG3A10i5viTM34B241HCOQFn1vAnYT 4UxnwDj2FT4a9xbqp8iW+GeP9PP44dhu4Roc9 +DWpyv1uoXPNlQzHa3OeMqagz9JptuoEOeMJs sZ/58vBnAxnHbVNklXxWRrpzxxEiGR0DaREz9 hu+GYyjbeCV3JOVM2zPz5qne2nRsX9tP+/jaPC erViP6hUVxfKtYX8phbpDt2l+ziRRarRMq1QA 5Xt0QEd0pFVtCrWQ2tx4DpVyDm3aGhZtd/YLv bP</latexit>
n = 12
<latexit sha1_base6 4="MEGHn5J7zm2B01N7EjmXnAR1LWg=">AAAE hnicjVO9bhNBEB6HA0z4SQINEo2FFURl7R1BQ UhIFjTQJQ5OIjmRdXfeJCvfn/bOhnDyC1DQBo kKJApEzwvQ8AIUeQREGSQaCr4dHyDjOPGe7nbm m/nmZ2/WSwKVZkIclmbOWGfPnS9fmL146fKVu fmFq+tp3NO+bPpxEOtNz01loCLZzFQWyM1ESz f0ArnhdR8Z+0Zf6lTF0dNsP5HbobsbqR3lu5m Boge2056viprgVRkX7EKoUrFW4oXSJ9qiDsXk U49CkhRRBjkgl1I8LbJJUAJsm3JgGpJiu6QBz YLbg5eEhwu0i+8utFaBRtBNzJTZPrIEeDWYFV oUX8UHcSS+iI/im/g1MVbOMUwt+9i9IVcm7bmX 19d+nsoKsWe09491Ys0Z7dA9rlWh9oQR04U/5 PdfHByt3W8s5rfEO/Ed9b8Vh+IzOoj6P/z3q7 Lx5oR6PPTtQpeIOfnkjF/IduMRAXnG5xZyJxH +VA68Sw/hk2Nvs26qfI5vzvigiD+J3QGu0WEf fi1yuN8tdK65ktF4Hc5TxRQMWDrO5kyRM5kia /J3vlzMyWjWcds0WRWfpZH+zEGMSEbXQCr0hO 2GbybTeCt4padE1Tz7k6M22H5sVNxP+//bOC6s OzX7Ts1ZXarWl4qbWqYbdJNu40SWqU6PaYWaq GyPXtEBvbbKVs26ay0PXWdKBecajSyr/hvcTf bQ</latexit>
n = 3
<latexit sha1_base64="9QRXtmo257x1QPW5 4H8KDB9URWo=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtXYsQEiICBroEhsnkZzIujtv zMr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlrbveHLT6Tw29s2e1LEK g2fJXiR3fLsdqF3l2gmgWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSSS13ySVJACWSPbIrxNKh EgiJgO5QC05AU2yX1aQ7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5mlZfBUfxLH4Ij6Kb+LX2 FgpxzC17GF3BlwZNedfL9V+nsnysSf0/B/r1JoT2qV7XKtC7REjpgt3wO+92j+u3a8upzfFO/E d9R+KI/EZHQS9H+77dVk9OKUeB33b0CVijj854+ez3XgEQF7wufncSYA/lQLv0CP4pNibrJsqX+ KbMt7P4o9jt4BrdNiDX4PK3O82OtdcyXC8FucpYAr6LJ1kK0+QM5oga/R3vmzMyXDWUdskWRWf pZH+zEGISEbXQPL0lO2GbybTeCt4xWdE1Tz746NW2X5iVNzP0v+3cVTYKBdLK8XyeqWwWslu6g xdpxt0Cydyl1bpCa1RHZW16Q29pX1r2rptVaw7A9epXMa5RkPLevgb7g/2lg==</latexit>
n = 4
<latexit sha1_base64="U1R6H7EMkjPB7Smf I9ds77DIEzk=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWICREBA10iY2TSE5k3Z03 zsr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLV9fjsKtdWXdDL9Sbjh1LTwWynqjEk5uRlrbveHLD6Twx9o2e1LEK g+fJXiS3fbsdqB3l2gmgWvCw0lwoiKLglR8VSplQoGythou5T7RFLQrJpS75JCmgBLJHNsV4GlQ iQRGwbUqBaUiK7ZL6NAduF14SHjbQDr5taI0MDaCbmDGzXWTx8Gow87QsvooP4lh8ER/FN/Frb KyUY5ha9rA7A66MmvOvl2o/z2T52BPa/cc6teaEdug+16pQe8SI6cId8Huv9o9rD6rL6U3xTnx H/YfiSHxGB0Hvh/t+TVYPTqnHQd82dImY40/O+PlsNx4BkBd8bj53EuBPpcA79Bg+KfYm66bKl/ imjPez+OPYLeAaHfbg16Ay97uFzjVXMhyvxXkKmII+SyfZyhPkjCbIGv2dLxtzMpx11DZJVsVn aaQ/cxAiktE1kDw9Y7vhm8k03gpe8RlRNc/++KhVtp8YFfez9P9tHBXWy8XSnWJ5rVJYqWQ3dY au0w26hRO5Ryv0lFapjsra9Ibe0r41bd22KtbdgetULuNco6FlPfoN8i72lw==</latexit>
n = 5
<latexit sha1_base64="hvbULNGVHs6d+tnO X8vRtfWSLp0=">AAAEhXicjVM7bxNBEB6Hg4TwSAINEo2FFUSDtTbmoUiICBroEhsnkZzIujtv zMr30t7ZIZz8B5BoSUGVSBSInj9Awx+gyE9AlEGioeDb8QEyjhPv6W5nvplvHnuzTuSpOBHiMD d1xjp7bnrm/OyFi5cuz80vXFmLw652Zd0NvVBvOHYsPRXIeqIST25EWtq+48l1p/PE2Nd7Uscq DJ4nu5Hc8u12oLaVayeAasHDu835gigKXvlRoZQJBcrWSriQ+0Sb1KKQXOqST5ICSiB7ZFOMp0E lEhQB26IUmIak2C6pT7PgduEl4WED7eDbhtbI0AC6iRkz20UWD68GM0+L4qv4II7EF/FRfBO/x sZKOYapZRe7M+DKqDn3+lrt56ksH3tCL/6xTqw5oW16wLUq1B4xYrpwB/zeq72j2lJ1Mb0pDsR 31L8vDsVndBD0frjvV2X13Qn1OOjbhi4Rc/zJGT+f7cYjALLD5+ZzJwH+VAq8Q4/hk2Jvsm6qfI lvyng/iz+O3QKu0WEPfg0qc7+b6FxzJcPxWpyngCnos3ScrTxBzmiCrNHf+bIxJ8NZR22TZFV8 lkb6MwchIhldA8nTM7YbvplM463gFZ8SVfPsj49aZfuxUXE/S//fxlFhrVws3SmWVyuF5Up2U2 foOt2gWziR+7RMT2mF6qisTW/oLe1Z09Ztq2LdG7hO5TLOVRpa1qPf9k32mA==</latexit>
n = 6
<latexit sha1_base64="e0/f5kzPwAs0I8tK ihYYpv8jgbI=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTZWQEiICBroEhsnkZzIujtv zMr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlrbveHLT6Tw29s2e1LEK g2fJXiR3fLsdqF3l2gmgWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSSS13ySVJACWSPbIrxNKh EgiJgO5QC05AU2yX1aQ7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5mlZfBUfxLH4Ij6Kb+LX2 FgpxzC17GF3BlwZNedfL9V+nsnysSf0/B/r1JoT2qV7XKtC7REjpgt3wO+92j+u3a8upzfFO/E d9R+KI/EZHQS9H+77dVk9OKUeB33b0CVijj854+ez3XgEQF7wufncSYA/lQLv0CP4pNibrJsqX+ KbMt7P4o9jt4BrdNiDX4PK3O82OtdcyXC8FucpYAr6LJ1kK0+QM5oga/R3vmzMyXDWUdskWRWf pZH+zEGISEbXQPL0lO2GbybTeCt4xWdE1Tz746NW2X5iVNzP0v+3cVTYKBdLd4rl9UphtZLd1B m6TjfoFk7kLq3SE1qjOipr0xt6S/vWtHXbqlgrA9epXMa5RkPLevgb+mz2mQ==</latexit>
n = 7
<latexit sha1_base64="MtWgUhpOovOYuz0H rjCPtsbVmYE=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWQUiICBroEhsnkZzIujtv zMr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlrbveHLT6Tw29s2e1LEK g2fJXiR3fLsdqF3l2gmgWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSSS13ySVJACWSPbIrxNKh EgiJgO5QC05AU2yX1aQ7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5mlZfBUfxLH4Ij6Kb+LX2 FgpxzC17GF3BlwZNedfL9V+nsnysSf0/B/r1JoT2qV7XKtC7REjpgt3wO+92j+u3a8upzfFO/E d9R+KI/EZHQS9H+77dVk9OKUeB33b0CVijj854+ez3XgEQF7wufncSYA/lQLv0CP4pNibrJsqX+ KbMt7P4o9jt4BrdNiDX4PK3O82OtdcyXC8FucpYAr6LJ1kK0+QM5oga/R3vmzMyXDWUdskWRWf pZH+zEGISEbXQPL0lO2GbybTeCt4xWdE1Tz746NW2X5iVNzP0v+3cVTYKBdLd4rl9UphtZLd1B m6TjfoFk5khVbpCa1RHZW16Q29pX1r2rptVay7A9epXMa5RkPLevgb/ov2mg==</latexit>
n = 8
<latexit sha1_base64="9VVtrCyw63xk7Sme JsnxM5bUdm8=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWREiICBroEhsnkZzIujtv zMr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlrbveHLT6Tw29s2e1LEK g2fJXiR3fLsdqF3l2gmgWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSSS13ySVJACWSPbIrxNKh EgiJgO5QC05AU2yX1aQ7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5mlZfBUfxLH4Ij6Kb+LX2 FgpxzC17GF3BlwZNedfL9V+nsnysSf0/B/r1JoT2qUVrlWh9ogR04U74Pde7R/X7leX05vinfi O+g/FkfiMDoLeD/f9uqwenFKPg75t6BIxx5+c8fPZbjwCIC/43HzuJMCfSoF36BF8UuxN1k2VL/ FNGe9n8cexW8A1OuzBr0Fl7ncbnWuuZDhei/MUMAV9lk6ylSfIGU2QNfo7XzbmZDjrqG2SrIrP 0kh/5iBEJKNrIHl6ynbDN5NpvBW84jOiap798VGrbD8xKu5n6f/bOCpslIulO8XyeqWwWslu6g xdpxt0Cydyj1bpCa1RHZW16Q29pX1r2rptVay7A9epXMa5RkPLevgbArn2mw==</latexit>
n = 9
<latexit sha1_base64="8OnEMYv+lkmG03JZ 5otGEANBXkc=">AAAEhXicjVM7bxNBEB6Hg4TwSAINEo2FFUSDtTYWj0iICBroEhsnkZzIujtv zMr30t7ZIZz8B5BoSUGVSBSInj9Awx+gyE9AlEGioeDb8QEyjhPv6W5nvplvHnuzTuSpOBHiMD d1xjp7bnrm/OyFi5cuz80vXFmLw652Zd0NvVBvOHYsPRXIeqIST25EWtq+48l1p/PE2Nd7Uscq DJ4nu5Hc8u12oLaVayeAasHDB835gigKXvlRoZQJBcrWSriQ+0Sb1KKQXOqST5ICSiB7ZFOMp0E lEhQB26IUmIak2C6pT7PgduEl4WED7eDbhtbI0AC6iRkz20UWD68GM0+L4qv4II7EF/FRfBO/x sZKOYapZRe7M+DKqDn3+lrt56ksH3tCL/6xTqw5oW26z7Uq1B4xYrpwB/zeq72j2lJ1Mb0pDsR 31L8vDsVndBD0frjvV2X13Qn1OOjbhi4Rc/zJGT+f7cYjALLD5+ZzJwH+VAq8Q4/hk2Jvsm6qfI lvyng/iz+O3QKu0WEPfg0qc7+b6FxzJcPxWpyngCnos3ScrTxBzmiCrNHf+bIxJ8NZR22TZFV8 lkb6MwchIhldA8nTM7YbvplM463gFZ8SVfPsj49aZfuxUXE/S//fxlFhrVws3SmWVyuF5Up2U2 foOt2gWziRe7RMT2mF6qisTW/oLe1Z09Ztq2LdHbhO5TLOVRpa1qPfBtj2nA==</latexit>
n = 10
<latexit sha1_base64="9yJ1DozpUDwIZvQQ W8tBURsZnP0=">AAAEhnicjVO9bhNBEB6HA0z4SQINEo2FFURl7ZmgICQkizShSxycRHIi6+68 SVa+P+2dDeHkF6BIm0hUIFEgel6AhhegyCMgyiDRUPDt+AAZx4n3dLcz38w3P3uzbuyrJBXiuD B1wbp46XLxyvTVa9dvzMzO3VxPoq72ZMOL/Ehvuk4ifRXKRqpSX27GWjqB68sNt7Nk7Bs9qRMV hc/T/VhuB85uqHaU56QGCp/YojVbFhXBqzQq2LlQpnytRHOFT7RFbYrIoy4FJCmkFLJPDiV4mmS ToBjYNmXANCTFdkl9mga3Cy8JDwdoB99daM0cDaGbmAmzPWTx8WowSzQvvooP4kR8ER/FN/Frb KyMY5ha9rG7A66MWzOvb6/9PJcVYE9p7x/rzJpT2qFHXKtC7TEjpgtvwO+9OjxZe1yfz+6Jd+I 76n8rjsVndBD2fnjvV2X9zRn1uOjbgS4Rc/zJGb+A7cYjBPKCzy3gTkL8qQx4h57CJ8PeYt1U+R LfjPF+Hn8cuw1co8Me/JpU5X630LnmSobjtTlPGVPQZ+k0W3WCnPEEWeO/8+VgToazjtomyar4 LI30Zw4iRDK6BlKiZ2w3fDOZxlvBKzknqubZHx+1zvZTo+J+2v/fxlFhvVqxH1Sqqwvl2kJ+U4 t0h+7SfZzIItVomVaogcr26IAO6cgqWhXrobU4cJ0q5JxbNLSs2m/UD/bO</latexit>
n = 11
<latexit sha1_base64="0Rr6G5QbfePbQr0d rB7mSk4JNLU=">AAAEhnicjVO9bhNBEB6HA0z4SQINEo2FFURl7ZmgICQkizShSxycRHIi6+68 SVa+P+2dDeHkF6BIm0hUIFEgel6AhhegyCMgyiDRUPDt+AAZx4n3dLcz38w3P3uzbuyrJBXiuD B1wbp46XLxyvTVa9dvzMzO3VxPoq72ZMOL/Ehvuk4ifRXKRqpSX27GWjqB68sNt7Nk7Bs9qRMV hc/T/VhuB85uqHaU56QGCp/Ydmu2LCqCV2lUsHOhTPlaieYKn2iL2hSRR10KSFJIKWSfHErwNMk mQTGwbcqAaUiK7ZL6NA1uF14SHg7QDr670Jo5GkI3MRNme8ji49VglmhefBUfxIn4Ij6Kb+LX2 FgZxzC17GN3B1wZt2Ze3177eS4rwJ7S3j/WmTWntEOPuFaF2mNGTBfegN97dXiy9rg+n90T78R 31P9WHIvP6CDs/fDer8r6mzPqcdG3A10i5viTM34B241HCOQFn1vAnYT4UxnwDj2FT4a9xbqp8i W+GeP9PP44dhu4Roc9+DWpyv1uoXPNlQzHa3OeMqagz9JptuoEOeMJssZ/58vBnAxnHbVNklXx WRrpzxxEiGR0DaREz9hu+GYyjbeCV3JOVM2zPz5qne2nRsX9tP+/jaPCerViP6hUVxfKtYX8ph bpDt2l+ziRRarRMq1QA5Xt0QEd0pFVtCrWQ2tx4DpVyDm3aGhZtd/YLvbP</latexit>
n = 12
<latexit sha1_base64="MEGHn5J7zm2B01N7 EjmXnAR1LWg=">AAAEhnicjVO9bhNBEB6HA0z4SQINEo2FFURl7R1BQUhIFjTQJQ5OIjmRdXfe JCvfn/bOhnDyC1DQBokKJApEzwvQ8AIUeQREGSQaCr4dHyDjOPGe7nbmm/nmZ2/WSwKVZkIclm bOWGfPnS9fmL146fKVufmFq+tp3NO+bPpxEOtNz01loCLZzFQWyM1ESzf0ArnhdR8Z+0Zf6lTF 0dNsP5HbobsbqR3lu5mBoge2056viprgVRkX7EKoUrFW4oXSJ9qiDsXkU49CkhRRBjkgl1I8LbJ JUAJsm3JgGpJiu6QBzYLbg5eEhwu0i+8utFaBRtBNzJTZPrIEeDWYFVoUX8UHcSS+iI/im/g1M VbOMUwt+9i9IVcm7bmX19d+nsoKsWe09491Ys0Z7dA9rlWh9oQR04U/5PdfHByt3W8s5rfEO/E d9b8Vh+IzOoj6P/z3q7Lx5oR6PPTtQpeIOfnkjF/IduMRAXnG5xZyJxH+VA68Sw/hk2Nvs26qfI 5vzvigiD+J3QGu0WEffi1yuN8tdK65ktF4Hc5TxRQMWDrO5kyRM5kia/J3vlzMyWjWcds0WRWf pZH+zEGMSEbXQCr0hO2GbybTeCt4padE1Tz7k6M22H5sVNxP+//bOC6sOzX7Ts1ZXarWl4qbWq YbdJNu40SWqU6PaYWaqGyPXtEBvbbKVs26ay0PXWdKBecajSyr/hvcTfbQ</latexit>
n = 3
<latexit sha1_base64="9QRXtmo257x1QPW5 4H8KDB9URWo=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtXYsQEiICBroEhsnkZzIujtv zMr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlrbveHLT6Tw29s2e1LEK g2fJXiR3fLsdqF3l2gmgWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSSS13ySVJACWSPbIrxNKh EgiJgO5QC05AU2yX1aQ7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5mlZfBUfxLH4Ij6Kb+LX2 FgpxzC17GF3BlwZNedfL9V+nsnysSf0/B/r1JoT2qV7XKtC7REjpgt3wO+92j+u3a8upzfFO/E d9R+KI/EZHQS9H+77dVk9OKUeB33b0CVijj854+ez3XgEQF7wufncSYA/lQLv0CP4pNibrJsqX+ KbMt7P4o9jt4BrdNiDX4PK3O82OtdcyXC8FucpYAr6LJ1kK0+QM5oga/R3vmzMyXDWUdskWRWf pZH+zEGISEbXQPL0lO2GbybTeCt4xWdE1Tz746NW2X5iVNzP0v+3cVTYKBdLK8XyeqWwWslu6g xdpxt0Cydyl1bpCa1RHZW16Q29pX1r2rptVaw7A9epXMa5RkPLevgb7g/2lg==</latexit>
n = 4
<latexit sha1_base64="U1R6H7EMkjPB7Smf I9ds77DIEzk=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWICREBA10iY2TSE5k3Z03 zsr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLV9fjsKtdWXdDL9Sbjh1LTwWynqjEk5uRlrbveHLD6Twx9o2e1LEK g+fJXiS3fbsdqB3l2gmgWvCw0lwoiKLglR8VSplQoGythou5T7RFLQrJpS75JCmgBLJHNsV4GlQ iQRGwbUqBaUiK7ZL6NAduF14SHjbQDr5taI0MDaCbmDGzXWTx8Gow87QsvooP4lh8ER/FN/Frb KyUY5ha9rA7A66MmvOvl2o/z2T52BPa/cc6teaEdug+16pQe8SI6cId8Huv9o9rD6rL6U3xTnx H/YfiSHxGB0Hvh/t+TVYPTqnHQd82dImY40/O+PlsNx4BkBd8bj53EuBPpcA79Bg+KfYm66bKl/ imjPez+OPYLeAaHfbg16Ay97uFzjVXMhyvxXkKmII+SyfZyhPkjCbIGv2dLxtzMpx11DZJVsVn aaQ/cxAiktE1kDw9Y7vhm8k03gpe8RlRNc/++KhVtp8YFfez9P9tHBXWy8XSnWJ5rVJYqWQ3dY au0w26hRO5Ryv0lFapjsra9Ibe0r41bd22KtbdgetULuNco6FlPfoN8i72lw==</latexit>
n = 5
<latexit sha1_base64="hvbULNGVHs6d+tnO X8vRtfWSLp0=">AAAEhXicjVM7bxNBEB6Hg4TwSAINEo2FFUSDtTbmoUiICBroEhsnkZzIujtv zMr30t7ZIZz8B5BoSUGVSBSInj9Awx+gyE9AlEGioeDb8QEyjhPv6W5nvplvHnuzTuSpOBHiMD d1xjp7bnrm/OyFi5cuz80vXFmLw652Zd0NvVBvOHYsPRXIeqIST25EWtq+48l1p/PE2Nd7Uscq DJ4nu5Hc8u12oLaVayeAasHDu835gigKXvlRoZQJBcrWSriQ+0Sb1KKQXOqST5ICSiB7ZFOMp0E lEhQB26IUmIak2C6pT7PgduEl4WED7eDbhtbI0AC6iRkz20UWD68GM0+L4qv4II7EF/FRfBO/x sZKOYapZRe7M+DKqDn3+lrt56ksH3tCL/6xTqw5oW16wLUq1B4xYrpwB/zeq72j2lJ1Mb0pDsR 31L8vDsVndBD0frjvV2X13Qn1OOjbhi4Rc/zJGT+f7cYjALLD5+ZzJwH+VAq8Q4/hk2Jvsm6qfI lvyng/iz+O3QKu0WEPfg0qc7+b6FxzJcPxWpyngCnos3ScrTxBzmiCrNHf+bIxJ8NZR22TZFV8 lkb6MwchIhldA8nTM7YbvplM463gFZ8SVfPsj49aZfuxUXE/S//fxlFhrVws3SmWVyuF5Up2U2 foOt2gWziR+7RMT2mF6qisTW/oLe1Z09Ztq2LdG7hO5TLOVRpa1qPf9k32mA==</latexit>
n = 6
<latexit sha1_base64="e0/f5kzPwAs0I8tK ihYYpv8jgbI=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTZWQEiICBroEhsnkZzIujtv zMr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlrbveHLT6Tw29s2e1LEK g2fJXiR3fLsdqF3l2gmgWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSSS13ySVJACWSPbIrxNKh EgiJgO5QC05AU2yX1aQ7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5mlZfBUfxLH4Ij6Kb+LX2 FgpxzC17GF3BlwZNedfL9V+nsnysSf0/B/r1JoT2qV7XKtC7REjpgt3wO+92j+u3a8upzfFO/E d9R+KI/EZHQS9H+77dVk9OKUeB33b0CVijj854+ez3XgEQF7wufncSYA/lQLv0CP4pNibrJsqX+ KbMt7P4o9jt4BrdNiDX4PK3O82OtdcyXC8FucpYAr6LJ1kK0+QM5oga/R3vmzMyXDWUdskWRWf pZH+zEGISEbXQPL0lO2GbybTeCt4xWdE1Tz746NW2X5iVNzP0v+3cVTYKBdLd4rl9UphtZLd1B m6TjfoFk7kLq3SE1qjOipr0xt6S/vWtHXbqlgrA9epXMa5RkPLevgb+mz2mQ==</latexit>
n = 7
<latexit sha1_base64="MtWgUhpOovOYuz0H rjCPtsbVmYE=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWQUiICBroEhsnkZzIujtv zMr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlrbveHLT6Tw29s2e1LEK g2fJXiR3fLsdqF3l2gmgWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSSS13ySVJACWSPbIrxNKh EgiJgO5QC05AU2yX1aQ7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5mlZfBUfxLH4Ij6Kb+LX2 FgpxzC17GF3BlwZNedfL9V+nsnysSf0/B/r1JoT2qV7XKtC7REjpgt3wO+92j+u3a8upzfFO/E d9R+KI/EZHQS9H+77dVk9OKUeB33b0CVijj854+ez3XgEQF7wufncSYA/lQLv0CP4pNibrJsqX+ KbMt7P4o9jt4BrdNiDX4PK3O82OtdcyXC8FucpYAr6LJ1kK0+QM5oga/R3vmzMyXDWUdskWRWf pZH+zEGISEbXQPL0lO2GbybTeCt4xWdE1Tz746NW2X5iVNzP0v+3cVTYKBdLd4rl9UphtZLd1B m6TjfoFk5khVbpCa1RHZW16Q29pX1r2rptVay7A9epXMa5RkPLevgb/ov2mg==</latexit>
n = 8
<latexit sha1_base64="9VVtrCyw63xk7SmeJsnxM 5bUdm8=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWREiICBroEhsnkZzIujtvzMr30t7ZEE7+A0i0 pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJs6Z52/MD0zO3fx0uUr8wuLVzfis KtdWXdDL9Rbjh1LTwWynqjEk1uRlrbveHLT6Tw29s2e1LEKg2fJXiR3fLsdqF3l2gmgWvBgpblQEEXBKz8qlD KhQNlaCxdzn2ibWhSSS13ySVJACWSPbIrxNKhEgiJgO5QC05AU2yX1aQ7cLrwkPGygHXzb0BoZGkA3MWNmu8j i4dVg5mlZfBUfxLH4Ij6Kb+LX2FgpxzC17GF3BlwZNedfL9V+nsnysSf0/B/r1JoT2qUVrlWh9ogR04U74Pd e7R/X7leX05vinfiO+g/FkfiMDoLeD/f9uqwenFKPg75t6BIxx5+c8fPZbjwCIC/43HzuJMCfSoF36BF8UuxN 1k2VL/FNGe9n8cexW8A1OuzBr0Fl7ncbnWuuZDhei/MUMAV9lk6ylSfIGU2QNfo7XzbmZDjrqG2SrIrP0kh/5 iBEJKNrIHl6ynbDN5NpvBW84jOiap798VGrbD8xKu5n6f/bOCpslIulO8XyeqWwWslu6gxdpxt0Cydyj1bpCa 1RHZW16Q29pX1r2rptVay7A9epXMa5RkPLevgbArn2mw==</latexit>
n = 9
<latexit sha1_base64="8OnEMYv+lkmG03JZ5otGEA NBXkc=">AAAEhXicjVM7bxNBEB6Hg4TwSAINEo2FFUSDtTYWj0iICBroEhsnkZzIujtvzMr30t7ZIZz8B5BoSUG VSBSInj9Awx+gyE9AlEGioeDb8QEyjhPv6W5nvplvHnuzTuSpOBHiMDd1xjp7bnrm/OyFi5cuz80vXFmLw652Zd 0NvVBvOHYsPRXIeqIST25EWtq+48l1p/PE2Nd7UscqDJ4nu5Hc8u12oLaVayeAasHDB835gigKXvlRoZQJBcrWS riQ+0Sb1KKQXOqST5ICSiB7ZFOMp0ElEhQB26IUmIak2C6pT7PgduEl4WED7eDbhtbI0AC6iRkz20UWD68GM0+L 4qv4II7EF/FRfBO/xsZKOYapZRe7M+DKqDn3+lrt56ksH3tCL/6xTqw5oW26z7Uq1B4xYrpwB/zeq72j2lJ1Mb0 pDsR31L8vDsVndBD0frjvV2X13Qn1OOjbhi4Rc/zJGT+f7cYjALLD5+ZzJwH+VAq8Q4/hk2Jvsm6qfIlvyng/iz +O3QKu0WEPfg0qc7+b6FxzJcPxWpyngCnos3ScrTxBzmiCrNHf+bIxJ8NZR22TZFV8lkb6MwchIhldA8nTM7Ybv plM463gFZ8SVfPsj49aZfuxUXE/S//fxlFhrVws3SmWVyuF5Up2U2foOt2gWziRe7RMT2mF6qisTW/oLe1Z09Zt q2LdHbhO5TLOVRpa1qPfBtj2nA==</latexit>
n = 3
<latexit sha1_base6 4="1stTw+VSGPGifVLB8F/fUfDfFCQ=">AAAE hXicjVM9bxNBEB0nB/ngIwk0SDQWVhAN1tqJA CGhRNBAl9g4ieRE1t15Y1a+L+2dHcLJfyBS2k RABRIFokeipuEPUOQnIMog0VDwdmxAxnHitXw7 +2bem5m9OSfyVJwIcZQZG7fOnZ+YnJq+cPHS5 ZnZuStrcdjSrqy4oRfqDceOpacCWUlU4smNSE vbdzy57jQfGf96W+pYhcHTZDeSW77dCNS2cu0 EUDl4sFCbzYm84JUdNAo9I7f06aVZr1bCucxH 2qQ6heRSi3ySFFAC2yObYvyqVCBBEbAtSoFpW Ir9kjo0DW4LURIRNtAmng2cqj00wNloxsx2kc XDX4OZpXnxVbwXx+KL+CC+iV9DtVLWMLXsYne6 XBnVZvaulX+eyfKxJ/TsH+vUmhPapntcq0LtE SOmC7fLb784PC7fL82nN8Vb8R31vxFH4jM6CN o/3HersvT6lHoc9G3jLKE5/OZMnM9+ExEA2eF 787mTAG8qBd6kh4hJsdf4bKp8jmfKeKenP4xd B67RYRtxVSpyv5voXHMl/Xp1zpPDFHTYOslXH CFnNELW6O982ZiT/qyDvlGyKr5LY/2ZgxBK5q yBZOkJ+w3fTKaJVoiKz1DVPPvDVUvsP1EV32fh /69x0Fgr5gsL+eKqyC0vUndN0nW6QbdwI3dpm R7TClVQWYP26YAOrQnrtrVo3emGjmV6nKvUt6 yl3+/z+yE=</latexit>
0.2
<latexit sha1_base64="f+uPFztWNT1WlSzb 1sh7mQx2PmU=">AAAEhXicjVPNThNRFD6FQRB/ANmYsGlsMG5sbitR40aiG9lBa4GkkGZmeqk3 nb/cmVZw0hcgcSsLV5q4MOx5ATe+gAsewbjExI0Lv3sYNLUUeicz95zvnO/83DnXiTwVJ0Ic58 bGrYkrk1NXp69dv3FzZnbu1nocdrQra27ohXrTsWPpqUDWEpV4cjPS0vYdT2447efGvtGVOlZh 8DLZi+S2b7cCtaNcOwFUFcVyY7YgioJXflAoZUKBsrUazuWOaIuaFJJLHfJJUkAJZI9sivHUqUS CImDblALTkBTbJfVoGtwOvCQ8bKBtfFvQ6hkaQDcxY2a7yOLh1WDmaVF8E5/FifgqDsV38Xtor JRjmFr2sDunXBk1ZvZvV39dyvKxJ/TqH+vCmhPaocdcq0LtESOmC/eU331zcFJ9UllM74qP4gf q/yCOxRd0EHR/up/WZOX9BfU46NuGLhFz+MkZP5/txiMA8prPzedOAvypFHibnsEnxd5g3VS5i2 /KeC+LP4zdBK7RYRd+dSpzv1voXHMl/fGanKeAKeixdJ6tPELOaISs0d/5sjEn/VkHbaNkVXyW RjqbgxCRjK6B5GmF7YZvJtN4K3jFl0TVPPvDo1bYfm5U3M/S/7dxUFgvF0sPimJtqbD8MLupU7 RAd+geTuQRLdMLWqUaKmvRW3pHB9akdd9asjLfsVzGmae+ZT39A6v59kg=</latexit>
 0.2
<latexit sha1_base64="0Zh6lByzPKmaBWEd bOp9gZb/ITc=">AAAEhnicjVM7bxNBEB6HA5zwSAJNJBoLK4iG09o8gqgs0kCXODiJ5ETW3XmT rHwv7Z0N4eQ/QEGbSFQgUSB6/gANf4AiPwFRBomGgm/HB8g4Trynu535Zr557M26sa+SVIijwt Q56/yFi8XpmUuXr1ydnZu/tp5EXe3Jhhf5kd50nUT6KpSNVKW+3Iy1dALXlxtuZ9nYN3pSJyoK n6X7sdwOnN1Q7SjPSQ10R9jV1lxZ2IJXaVSo5EKZ8rUSzRc+0Ra1KSKPuhSQpJBSyD45lOBpUoU ExcC2KQOmISm2S+rTDLhdeEl4OEA7+O5Ca+ZoCN3ETJjtIYuPV4NZokXxVXwQx+KL+Ci+iV9jY 2Ucw9Syj90dcGXcmn21sPbzTFaAPaW9f6xTa05phx5yrQq1x4yYLrwBv/fy4HjtUX0xuyXeie+ o/604Ep/RQdj74b1flfU3p9Tjom8HukTM8Sdn/AK2G48QyHM+t4A7CfGnMuAdegyfDHuLdVPlC3 wzxvt5/HHsNnCNDnvwa1KV+91C55orGY7X5jxlTEGfpZNs1QlyxhNkjf/Ol4M5Gc46apskq+Kz NNKfOYgQyegaSImest3wzWQabwWv5Iyommd/fNQ620+MivtZ+f82jgrrVbty1xar98q1B/lNLd INukm3cSJLVKMntEINVLZHr+mADq2iZVv3raWB61Qh51ynoWXVfgONhfZ/</latexit>
 0.1
<latexit sha1_base64="tR+h4ekeIZYFNAAf eixqStywnRA=">AAAEhnicjVM7bxNBEB6HA0x4JIEGicbCCqLhtGceQVQWNNAlDk4iOZF1d94k K99Le2dDOPkPUNAGiQokCkTPH6DhD1DkJyDKINFQ8O34ABnHifd0tzPfzDePvVkvCVSaCXFQmj llnT5ztnxu9vyFi5fm5hcur6VxT/uy6cdBrDc8N5WBimQzU1kgNxIt3dAL5LrXfWTs632pUxVH T7O9RG6F7k6ktpXvZga6JWynPV8VtuBVGRecQqhSsZbjhdIn2qQOxeRTj0KSFFEGOSCXUjwtckh QAmyLcmAakmK7pAHNgtuDl4SHC7SL7w60VoFG0E3MlNk+sgR4NZgVWhRfxQdxKL6Ij+Kb+DUxV s4xTC172L0hVybtuZdXV3+eyAqxZ7T7j3VszRlt032uVaH2hBHThT/k91/sH64+aCzmN8Q78R3 1vxUH4jM6iPo//PcrsvHmmHo89O1Cl4g5+eSMX8h24xEBecbnFnInEf5UDrxLD+GTY2+zbqp8jm /O+KCIP4ndAa7RYR9+Lapxv5voXHMlo/E6nKeKKRiwdJStNkXOZIqsyd/5cjEno1nHbdNkVXyW RvozBzEiGV0DqdATthu+mUzjreCVnhBV8+xPjtpg+5FRcT+d/2/juLBWs53btli5U63fK25qma 7RdbqJE1miOj2mZWqisl16Rfv02ipbtnXXWhq6zpQKzhUaWVb9N4lm9n4=</latexit>
0
<latexit sha1_base64="orEBhqiA0sBETSvE ajqR6vzfRu4=">AAAEg3icjVPNahNRFD6p01qr9sduBDfBUBGEcBOLLYJQdKO7JjVtIS1hZnJb L5k/7kyi7ZAX0K3iwpWCC3HfF+imL9BFH0FcVnDjwu+ejEpM0+YOM/ec75zv/Nw514k8FSdCnO TGLlnjE5cnr0xdvXZ9emZ27sZ6HLa1K2tu6IV607Fj6alA1hKVeHIz0tL2HU9uOK0nxr7RkTpW YfA82Yvktm/vBmpHuXYCqCIaswVRFLzyg0IpEwqUrdVwLndAW9SkkFxqk0+SAkoge2RTjKdOJRI UAdumFJiGpNguqUtT4LbhJeFhA23huwutnqEBdBMzZraLLB5eDWaeFsSx+CJOxZH4Kr6JX0Njp RzD1LKH3elxZdSYeX1z7eeFLB97Qi/+sc6tOaEdWuZaFWqPGDFduD1+Z//96drD6kJ6R3wS31H /R3EiDtFB0Pnhfq7I6odz6nHQtw1dIubwkzN+PtuNRwDkJZ+bz50E+FMp8BY9hk+KvcG6qfIVvi nj3Sz+MHYTuEaHHfjVqcz9bqFzzZX0x2tyngKmoMvSWbbyCDmjEbJGf+fLxpz0Zx20jZJV8Vka 6c8chIhkdA0kT8/YbvhmMo23gld8QVTNsz88apXtZ0bF/Sz9fxsHhfVysXS/KCqLhZUH2U2dpF t0m+7iRJZohZ7SKtVQmaQ39JbeWePWPatsLfZcx3IZZ576lvXoN9Ct9dQ=</latexit>
0.1
<latexit sha1_base64="LADphnqSOg+R3Evr FkIj8WNSlaM=">AAAEhXicjVO9bhNBEB6HCwnhJwk0SDQWVhAN1p6JEkSTCBroEhsnkZzIujtv zMr3p72zITn5BZBoSUEFEgWi5wVoeAGKPAKiDBINBd9OLiDjOPGe7nbmm/nmZ2/WjX2VpEIcFi YuWJMXp6YvzVy+cvXa7Nz89Y0k6mpP1r3Ij/SW6yTSV6Gspyr15VaspRO4vtx0O4+NfbMndaKi 8Fm6F8udwGmHald5TgqoJsp2c64kyoJXcViwc6FE+VqL5gufaZtaFJFHXQpIUkgpZJ8cSvA0yCZ BMbAdyoBpSIrtkvo0A24XXhIeDtAOvm1ojRwNoZuYCbM9ZPHxajCLtCC+iY/iSHwVn8R38Xtkr IxjmFr2sLvHXBk3Z1/drP06lxVgT+n5P9aZNae0Sw+4VoXaY0ZMF94xv7d/cFR7WF3I7oj34gf qfycOxRd0EPZ+eh/WZfXtGfW46NuBLhFz9MkZv4DtxiME8oLPLeBOQvypDHiHHsEnw95k3VT5Et +M8X4efxS7BVyjwx78GlThfrfRueZKBuO1OE8JU9Bn6TRbZYyc8RhZ47/z5WBOBrMO28bJqvgs jXQyBxEiGV0DKdJTthu+mUzjreCVnBNV8+yPjlpl+6lRcT/t/2/jsLBRKdv3y2J9sbS6lN/Uab pFt+kuTmSZVukJrVEdlbXpNb2hA2vKumctWrnvRCHn3KCBZa38Aafa9kc=</latexit>
 2<latexit sha1_base6 4="qWhxkAjku0yj6CJeP2rnsBzd02c=">AAAE hHicjVO9bhNBEB6HI4QESAINEo2FFUQB1trhT ylQBA3pEgcnkZzIujuvw8r3p72zSTj5BRAtUF ARKUVEzwvQ8AIUeYSIMkg0FHw7PkDGceI93e3M N/PNz96sE3kqToQ4zI2ds86PX5i4ODl16fKV6 ZnZq2tx2NaurLqhF+oNx46lpwJZTVTiyY1IS9 t3PLnutJ4a+3pH6liFwfNkN5Jbvr0dqKZy7QR Q5W65PlMQRcErPyiUMqFA2VoOZ3OfaZMaFJJL bfJJUkAJZI9sivHUqESCImBblALTkBTbJXVpE tw2vCQ8bKAtfLeh1TI0gG5ixsx2kcXDq8HM05 z4Jg7EsfgqPokj8WtorJRjmFp2sTs9rozq06+v r/48k+VjT+jFP9apNSfUpEdcq0LtESOmC7fH7 7x6f7y6UJlLb4k98R31fxSH4gs6CDo/3P0VWf lwSj0O+rahS8QcfnLGz2e78QiAvORz87mTAH8 qBd6iJ/BJsddZN1Xu4Jsy3s3iD2M3gGt02IFf jcrc7yY611xJf7wG5ylgCrosnWQrj5AzGiFr9 He+bMxJf9ZB2yhZFZ+lkf7MQYhIRtdA8rTEds M3k2m8FbziM6Jqnv3hUStsPzEq7mfp/9s4KKyV i6X5oli5V1h8kN3UCbpBN+k2TuQhLdIzWqYqK mvSG3pL76xx6441b93vuY7lMs416lvW49+6Gf YN</latexit>
 4<latexit sha1_base6 4="j0VO6Y3YPQRQoxik+q/DSVpomJI=">AAAE hHicjVM7bxNBEB4nRwjhkQcNEo2FFUQB1toJC aKIImigSxycRHIi6+68Tla+l/bOhnDyH4hogY IKJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz 38w3j71ZJ/JUnAhxlBsbt85NnJ+8MHXx0uUr0 zOzc5tx2NaurLqhF+ptx46lpwJZTVTiye1IS9 t3PLnltB4a+1ZH6liFwZPkIJK7vr0XqKZy7QR Q5c5ifaYgioJXflAoZUKBsrUWzuY+0Q41KCSX 2uSTpIASyB7ZFOOpUYkERcB2KQWmISm2S+rSF LhteEl42EBb+O5Bq2VoAN3EjJntIouHV4OZp3 nxVXwQx+KL+Ci+iV9DY6Ucw9RygN3pcWVUnz68 tvHzTJaPPaH9f6xTa06oSfe4VoXaI0ZMF26P3 3n++njjfmU+vSneie+o/604Ep/RQdD54b5fl5 U3p9TjoG8bukTM4Sdn/Hy2G48AyFM+N587CfC nUuAtegCfFHuddVPlM3xTxrtZ/GHsBnCNDjvw q1GZ+91B55or6Y/X4DwFTEGXpZNs5RFyRiNkj f7Ol4056c86aBslq+KzNNKfOQgRyegaSJ4es9 3wzWQabwWv+Iyommd/eNQK20+MivtZ+v82Dgqb 5WJpoSjWFwurS9lNnaTrdINu4USWaZUe0RpVU VmTXtBLemVNWLetBetuz3Usl3GuUt+yVn4Dwl f2Dw==</latexit>
 6
<latexit sha1_base6 4="9ZvZ0QttJvuyUqYfCV9VkoA3mD0=">AAAE hHicjVM7bxNBEB4nRwjhkQcNEo2FFUQB1tohC aKIImigSxycRHIi6+68Tla+l/bOhnDyH4hogY IKJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz 38w3j71ZJ/JUnAhxlBsbt85NnJ+8MHXx0uUr0 zOzc5tx2NaurLqhF+ptx46lpwJZTVTiye1IS9 t3PLnltB4a+1ZH6liFwZPkIJK7vr0XqKZy7QR Q5c5SfaYgioJXflAoZUKBsrUWzuY+0Q41KCSX 2uSTpIASyB7ZFOOpUYkERcB2KQWmISm2S+rSF LhteEl42EBb+O5Bq2VoAN3EjJntIouHV4OZp3 nxVXwQx+KL+Ci+iV9DY6Ucw9RygN3pcWVUnz68 tvHzTJaPPaH9f6xTa06oSfe4VoXaI0ZMF26P3 3n++njjfmU+vSneie+o/604Ep/RQdD54b5fl5 U3p9TjoG8bukTM4Sdn/Hy2G48AyFM+N587CfC nUuAtegCfFHuddVPlM3xTxrtZ/GHsBnCNDjvw q1GZ+91B55or6Y/X4DwFTEGXpZNs5RFyRiNkj f7Ol4056c86aBslq+KzNNKfOQgRyegaSJ4es9 3wzWQabwWv+Iyommd/eNQK20+MivtZ+v82Dgqb 5WJpoSjW7xZWl7KbOknX6Qbdwoks0yo9ojWqo rImvaCX9MqasG5bC9Ziz3Usl3GuUt+yVn4Dyp X2EQ==</latexit>
 8
<latexit sha1_base6 4="y7Sn9pGsNteGi3L5JVzbx6rGv2g=">AAAE hHicjVM7bxNBEB6HI4TwyIMGicbCCqIAa+2Qh 1KgCBroEgcnkZzIujuvk5Xvpb2zSTj5DyBaoK ACiQLR8wdo+AMU+QmIMkg0FHw7PkDGceI93e3M N/PNY2/WiTwVJ0Ic5cbOWefHL0xcnLx0+crVq emZ2c04bGtXVt3QC/W2Y8fSU4GsJirx5Hakpe 07ntxyWg+NfasjdazC4ElyGMld394LVFO5dgK ocne5Pl0QRcErPyiUMqFA2VoLZ3KfaIcaFJJL bfJJUkAJZI9sivHUqESCImC7lALTkBTbJXVpE tw2vCQ8bKAtfPeg1TI0gG5ixsx2kcXDq8HM05 z4Kj6IY/FFfBTfxK+hsVKOYWo5xO70uDKqTz2/ vvHzTJaPPaH9f6xTa06oSctcq0LtESOmC7fH7 zx7fbyxUplLb4l34jvqfyuOxGd0EHR+uO/XZe XNKfU46NuGLhFz+MkZP5/txiMA8pTPzedOAvy pFHiLHsAnxV5n3VR5gG/KeDeLP4zdAK7RYQd+ NSpzvzvoXHMl/fEanKeAKeiydJKtPELOaISs0 d/5sjEn/VkHbaNkVXyWRvozByEiGV0DydNjth u+mUzjreAVnxFV8+wPj1ph+4lRcT9L/9/GQWGz XCzNF8X6vcLqYnZTJ+gG3aTbOJElWqVHtEZVV NakF/SSXlnj1h1r3lrouY7lMs416lvW/d/S0/ YT</latexit>
 10
<latexit s ha1_base64="YUBqbM ZkDCjLC0j3/foQCiIbi js=">AAAEhXicjVO9b hNBEB6Hg4TwkwQaJBoL K4gm1p6JAKUhgga6xMZ JJCey7s4bZ+X7097ZI Zz8Akhpk4IKJApEzwvQ 8AIUeQREGSQaCr6dHC DjOPGe7nbmm/nmZ2/Wj X2VpEIcFSYuWBcvTU5 dnr5y9dr1mdm5G2tJ1N WerHuRH+kN10mkr0JZT 1Xqy41YSydwfbnudp4 a+3pP6kRF4Yt0L5Zbgd MO1bbynBRQbcEWzdmS KAtexWHBzoUS5Wslmit 8ok1qUUQedSkgSSGlk H1yKMHTIJsExcC2KAOm ISm2S+rTNLhdeEl4OEA 7+LahNXI0hG5iJsz2k MXHq8Es0rz4Kj6IY/FF fBTfxK+RsTKOYWrZw+ 6ecGXcnHl9q/bzXFaAP aWdf6wza05pmx5xrQq 1x4yYLrwTfu/V4XFtqT qf3RXvxHfU/1Ycic/oI Oz98N6vyuqbM+px0bc DXSLm6JMzfgHbjUcIZJ fPLeBOQvypDHiHnsAn w95k3VT5Et+M8X4efxS 7BVyjwx78GlThfjfRu eZKBuO1OE8JU9Bn6TRb ZYyc8RhZ47/z5WBOBrM O28bJqvgsjfRnDiJEM roGUqTnbDd8M5nGW8Er OSeq5tkfHbXK9lOj4n 7a/9/GYWGtUrbvl8XqY mn5QX5Tp+g23aF7OJG HtEzPaIXqqKxN+3RAh9 aktWAtWrnvRCHn3KSBZ T3+DaO49kY=</latex it>
0
<latexit sha1_base6 4="orEBhqiA0sBETSvEajqR6vzfRu4=">AAAE g3icjVPNahNRFD6p01qr9sduBDfBUBGEcBOLL YJQdKO7JjVtIS1hZnJbL5k/7kyi7ZAX0K3iwp WCC3HfF+imL9BFH0FcVnDjwu+ejEpM0+YOM/ec 75zv/Nw514k8FSdCnOTGLlnjE5cnr0xdvXZ9e mZ27sZ6HLa1K2tu6IV607Fj6alA1hKVeHIz0t L2HU9uOK0nxr7RkTpWYfA82Yvktm/vBmpHuXY CqCIaswVRFLzyg0IpEwqUrdVwLndAW9SkkFxq k0+SAkoge2RTjKdOJRIUAdumFJiGpNguqUtT4 LbhJeFhA23huwutnqEBdBMzZraLLB5eDWaeFs Sx+CJOxZH4Kr6JX0NjpRzD1LKH3elxZdSYeX1z 7eeFLB97Qi/+sc6tOaEdWuZaFWqPGDFduD1+Z //96drD6kJ6R3wS31H/R3EiDtFB0Pnhfq7I6o dz6nHQtw1dIubwkzN+PtuNRwDkJZ+bz50E+FM p8BY9hk+KvcG6qfIVvinj3Sz+MHYTuEaHHfjV qcz9bqFzzZX0x2tyngKmoMvSWbbyCDmjEbJGf +fLxpz0Zx20jZJV8Vka6c8chIhkdA0kT8/Ybv hmMo23gld8QVTNsz88apXtZ0bF/Sz9fxsHhfVy sXS/KCqLhZUH2U2dpFt0m+7iRJZohZ7SKtVQm aQ39JbeWePWPatsLfZcx3IZZ576lvXoN9Ct9d Q=</latexit>
0.1
<latexit sha1_base6 4="LADphnqSOg+R3EvrFkIj8WNSlaM=">AAAE hXicjVO9bhNBEB6HCwnhJwk0SDQWVhAN1p6JE kSTCBroEhsnkZzIujtvzMr3p72zITn5BZBoSU EFEgWi5wVoeAGKPAKiDBINBd9OLiDjOPGe7nbm m/nmZ2/WjX2VpEIcFiYuWJMXp6YvzVy+cvXa7 Nz89Y0k6mpP1r3Ij/SW6yTSV6Gspyr15VaspR O4vtx0O4+NfbMndaKi8Fm6F8udwGmHald5Tgq oJsp2c64kyoJXcViwc6FE+VqL5gufaZtaFJFH XQpIUkgpZJ8cSvA0yCZBMbAdyoBpSIrtkvo0A 24XXhIeDtAOvm1ojRwNoZuYCbM9ZPHxajCLtC C+iY/iSHwVn8R38XtkrIxjmFr2sLvHXBk3Z1/d rP06lxVgT+n5P9aZNae0Sw+4VoXaY0ZMF94xv 7d/cFR7WF3I7oj34gfqfycOxRd0EPZ+eh/WZf XtGfW46NuBLhFz9MkZv4DtxiME8oLPLeBOQvy pDHiHHsEnw95k3VT5Et+M8X4efxS7BVyjwx78 GlThfrfRueZKBuO1OE8JU9Bn6TRbZYyc8RhZ4 7/z5WBOBrMO28bJqvgsjXQyBxEiGV0DKdJTth u+mUzjreCVnBNV8+yPjlpl+6lRcT/t/2/jsLBR Kdv3y2J9sbS6lN/UabpFt+kuTmSZVukJrVEdl bXpNb2hA2vKumctWrnvRCHn3KCBZa38Aafa9k c=</latexit>
 0.2
<latexit sha1_base6 4="0Zh6lByzPKmaBWEdbOp9gZb/ITc=">AAAE hnicjVM7bxNBEB6HA5zwSAJNJBoLK4iG09o8g qgs0kCXODiJ5ETW3XmTrHwv7Z0N4eQ/QEGbSF QgUSB6/gANf4AiPwFRBomGgm/HB8g4Trynu535 Zr557M26sa+SVIijwtQ56/yFi8XpmUuXr1ydn Zu/tp5EXe3Jhhf5kd50nUT6KpSNVKW+3Iy1dA LXlxtuZ9nYN3pSJyoKn6X7sdwOnN1Q7SjPSQ1 0R9jV1lxZ2IJXaVSo5EKZ8rUSzRc+0Ra1KSKP uhSQpJBSyD45lOBpUoUExcC2KQOmISm2S+rTD LhdeEl4OEA7+O5Ca+ZoCN3ETJjtIYuPV4NZok XxVXwQx+KL+Ci+iV9jY2Ucw9Syj90dcGXcmn21 sPbzTFaAPaW9f6xTa05phx5yrQq1x4yYLrwBv /fy4HjtUX0xuyXeie+o/604Ep/RQdj74b1flf U3p9Tjom8HukTM8Sdn/AK2G48QyHM+t4A7CfG nMuAdegyfDHuLdVPlC3wzxvt5/HHsNnCNDnvw a1KV+91C55orGY7X5jxlTEGfpZNs1QlyxhNkj f/Ol4M5Gc46apskq+KzNNKfOYgQyegaSImest 3wzWQabwWv5Iyommd/fNQ620+MivtZ+f82jgrr Vbty1xar98q1B/lNLdINukm3cSJLVKMntEINV LZHr+mADq2iZVv3raWB61Qh51ynoWXVfgONhf Z/</latexit>
 0.1
<latexit sha1_base6 4="tR+h4ekeIZYFNAAfeixqStywnRA=">AAAE hnicjVM7bxNBEB6HA0x4JIEGicbCCqLhtGceQ VQWNNAlDk4iOZF1d94kK99Le2dDOPkPUNAGiQ okCkTPH6DhD1DkJyDKINFQ8O34ABnHifd0tzPf zDePvVkvCVSaCXFQmjllnT5ztnxu9vyFi5fm5 hcur6VxT/uy6cdBrDc8N5WBimQzU1kgNxIt3d AL5LrXfWTs632pUxVHT7O9RG6F7k6ktpXvZga 6JWynPV8VtuBVGRecQqhSsZbjhdIn2qQOxeRT j0KSFFEGOSCXUjwtckhQAmyLcmAakmK7pAHNg tuDl4SHC7SL7w60VoFG0E3MlNk+sgR4NZgVWh RfxQdxKL6Ij+Kb+DUxVs4xTC172L0hVybtuZdX V3+eyAqxZ7T7j3VszRlt032uVaH2hBHThT/k9 1/sH64+aCzmN8Q78R31vxUH4jM6iPo//Pcrsv HmmHo89O1Cl4g5+eSMX8h24xEBecbnFnInEf5 UDrxLD+GTY2+zbqp8jm/O+KCIP4ndAa7RYR9+ Lapxv5voXHMlo/E6nKeKKRiwdJStNkXOZIqsy d/5cjEno1nHbdNkVXyWRvozBzEiGV0DqdATth u+mUzjreCVnhBV8+xPjtpg+5FRcT+d/2/juLBW s53btli5U63fK25qma7RdbqJE1miOj2mZWqis l16Rfv02ipbtnXXWhq6zpQKzhUaWVb9N4lm9n 4=</latexit>
0.2
<latexit sha1_base64="f+uPFztWNT1WlSzb 1sh7mQx2PmU=">AAAEhXicjVPNThNRFD6FQRB/ANmYsGlsMG5sbitR40aiG9lBa4GkkGZmeqk3 nb/cmVZw0hcgcSsLV5q4MOx5ATe+gAsewbjExI0Lv3sYNLUUeicz95zvnO/83DnXiTwVJ0Ic58 bGrYkrk1NXp69dv3FzZnbu1nocdrQra27ohXrTsWPpqUDWEpV4cjPS0vYdT2447efGvtGVOlZh 8DLZi+S2b7cCtaNcOwFUFcVyY7YgioJXflAoZUKBsrUazuWOaIuaFJJLHfJJUkAJZI9sivHUqUS CImDblALTkBTbJfVoGtwOvCQ8bKBtfFvQ6hkaQDcxY2a7yOLh1WDmaVF8E5/FifgqDsV38Xtor JRjmFr2sDunXBk1ZvZvV39dyvKxJ/TqH+vCmhPaocdcq0LtESOmC/eU331zcFJ9UllM74qP4gf q/yCOxRd0EHR/up/WZOX9BfU46NuGLhFz+MkZP5/txiMA8prPzedOAvypFHibnsEnxd5g3VS5i2 /KeC+LP4zdBK7RYRd+dSpzv1voXHMl/fGanKeAKeixdJ6tPELOaISs0d/5sjEn/VkHbaNkVXyW RjqbgxCRjK6B5GmF7YZvJtN4K3jFl0TVPPvDo1bYfm5U3M/S/7dxUFgvF0sPimJtqbD8MLupU7 RAd+geTuQRLdMLWqUaKmvRW3pHB9akdd9asjLfsVzGmae+ZT39A6v59kg=</latexit>
 12<latexit s ha1_base64="eCBqQv viDhP33qFrSRSAYx+/X l0=">AAAEhXicjVO9b hNBEB6Hg4TwkwQaJBoL K4gm1t4RAaIhgga6xMZ JJCey7s4bZ+X7097ZE E5+ASRaUlCBRIHoeQEa XoAij4Aog0RDwbeTA2 QcJ97T3c58M9/87M16S aDSTIiD0tQZ6+y56Zn zsxcuXro8N79wZT2Ne9 qXDT8OYr3puakMVCQbm coCuZlo6YZeIDe87iN j3+hLnao4eprtJXI7dD uR2lG+mwGqL9lOa74i qoJXeVSwC6FCxVqNF0q faIvaFJNPPQpJUkQZ5 IBcSvE0ySZBCbBtyoFp SIrtkgY0C24PXhIeLtA uvh1ozQKNoJuYKbN9Z AnwajDLtCi+ig/iUHwR H8U38WtsrJxjmFr2sH tHXJm05l5eq/88lRViz 2j3H+vEmjPaoXtcq0L tCSOmC/+I33+xf1i/X1 vMb4p34jvqfysOxGd0E PV/+O/XZO3NCfV46Nu FLhFz/MkZv5DtxiMC8o zPLeROIvypHHiXHsIn x95i3VT5HN+c8UERfxy 7DVyjwz78muRwv1voX HMlw/HanKeCKRiwdJzN mSBnMkHW5O98uZiT4ay jtkmyKj5LI/2ZgxiRj K6BlOkJ2w3fTKbxVvBK T4mqefbHR62x/diouJ /2/7dxVFh3qvbtqrO2X Fm5U9zUGbpON+gWTuQ urdBjWqUGKuvQK3pN+9 a0tWQtW4XvVKngXKWhZ T34Daya9ko=</latex it>
0
<latexit sha1_base64="orEBhqiA0sBETSvEajqR6vzfRu4=">AAAEg3icjVPNahNRFD6p01q r9sduBDfBUBGEcBOLLYJQdKO7JjVtIS1hZnJbL5k/7kyi7ZAX0K3iwpWCC3HfF+imL9BFH0FcVnDjwu+ejEpM0+YOM/ec75zv/Nw514k8FSdCnOTGLlnjE5cnr0xdvXZ9emZ27sZ6HLa1K2tu6IV 607Fj6alA1hKVeHIz0tL2HU9uOK0nxr7RkTpWYfA82Yvktm/vBmpHuXYCqCIaswVRFLzyg0IpEwqUrdVwLndAW9SkkFxqk0+SAkoge2RTjKdOJRIUAdumFJiGpNguqUtT4LbhJeFhA23huwutnqEB dBMzZraLLB5eDWaeFsSx+CJOxZH4Kr6JX0NjpRzD1LKH3elxZdSYeX1z7eeFLB97Qi/+sc6tOaEdWuZaFWqPGDFduD1+Z//96drD6kJ6R3wS31H/R3EiDtFB0Pnhfq7I6odz6nHQtw1dIubwkzN+ PtuNRwDkJZ+bz50E+FMp8BY9hk+KvcG6qfIVvinj3Sz+MHYTuEaHHfjVqcz9bqFzzZX0x2tyngKmoMvSWbbyCDmjEbJGf+fLxpz0Zx20jZJV8Vka6c8chIhkdA0kT8/YbvhmMo23gld8QVTNsz88a pXtZ0bF/Sz9fxsHhfVysXS/KCqLhZUH2U2dpFt0m+7iRJZohZ7SKtVQmaQ39JbeWePWPatsLfZcx3IZZ576lvXoN9Ct9dQ=</latexit>
0.1
<latexit sha1_base64="LADphnqSOg+R3EvrFkIj8WNSlaM=">AAAEhXicjVO9bhNBEB6HCwn hJwk0SDQWVhAN1p6JEkSTCBroEhsnkZzIujtvzMr3p72zITn5BZBoSUEFEgWi5wVoeAGKPAKiDBINBd9OLiDjOPGe7nbmm/nmZ2/WjX2VpEIcFiYuWJMXp6YvzVy+cvXa7Nz89Y0k6mpP1r3Ij/S W6yTSV6Gspyr15VaspRO4vtx0O4+NfbMndaKi8Fm6F8udwGmHald5TgqoJsp2c64kyoJXcViwc6FE+VqL5gufaZtaFJFHXQpIUkgpZJ8cSvA0yCZBMbAdyoBpSIrtkvo0A24XXhIeDtAOvm1ojRwN oZuYCbM9ZPHxajCLtCC+iY/iSHwVn8R38XtkrIxjmFr2sLvHXBk3Z1/drP06lxVgT+n5P9aZNae0Sw+4VoXaY0ZMF94xv7d/cFR7WF3I7oj34gfqfycOxRd0EPZ+eh/WZfXtGfW46NuBLhFz9MkZ v4DtxiME8oLPLeBOQvypDHiHHsEnw95k3VT5Et+M8X4efxS7BVyjwx78GlThfrfRueZKBuO1OE8JU9Bn6TRbZYyc8RhZ47/z5WBOBrMO28bJqvgsjXQyBxEiGV0DKdJTthu+mUzjreCVnBNV8+yPj lpl+6lRcT/t/2/jsLBRKdv3y2J9sbS6lN/UabpFt+kuTmSZVukJrVEdlbXpNb2hA2vKumctWrnvRCHn3KCBZa38Aafa9kc=</latexit>
0.2
<latexit sha1_base64="f+uPFztWNT1WlSzb1sh7mQx2PmU=">AAAEhXicjVPNThNRFD6FQRB /ANmYsGlsMG5sbitR40aiG9lBa4GkkGZmeqk3nb/cmVZw0hcgcSsLV5q4MOx5ATe+gAsewbjExI0Lv3sYNLUUeicz95zvnO/83DnXiTwVJ0Ic58bGrYkrk1NXp69dv3FzZnbu1nocdrQra27ohXr TsWPpqUDWEpV4cjPS0vYdT2447efGvtGVOlZh8DLZi+S2b7cCtaNcOwFUFcVyY7YgioJXflAoZUKBsrUazuWOaIuaFJJLHfJJUkAJZI9sivHUqUSCImDblALTkBTbJfVoGtwOvCQ8bKBtfFvQ6hka QDcxY2a7yOLh1WDmaVF8E5/FifgqDsV38XtorJRjmFr2sDunXBk1ZvZvV39dyvKxJ/TqH+vCmhPaocdcq0LtESOmC/eU331zcFJ9UllM74qP4gfq/yCOxRd0EHR/up/WZOX9BfU46NuGLhFz+MkZ P5/txiMA8prPzedOAvypFHibnsEnxd5g3VS5i2/KeC+LP4zdBK7RYRd+dSpzv1voXHMl/fGanKeAKeixdJ6tPELOaISs0d/5sjEn/VkHbaNkVXyWRjqbgxCRjK6B5GmF7YZvJtN4K3jFl0TVPPvDo 1bYfm5U3M/S/7dxUFgvF0sPimJtqbD8MLupU7RAd+geTuQRLdMLWqUaKmvRW3pHB9akdd9asjLfsVzGmae+ZT39A6v59kg=</latexit>
 0.2
<latexit sha1_base64="0Zh6lByzPKmaBWEd bOp9gZb/ITc=">AAAEhnicjVM7bxNBEB6HA5zwSAJNJBoLK4iG09o8gqgs0kCXODiJ5ETW3XmT rHwv7Z0N4eQ/QEGbSFQgUSB6/gANf4AiPwFRBomGgm/HB8g4Trynu535Zr557M26sa+SVIijwt Q56/yFi8XpmUuXr1ydnZu/tp5EXe3Jhhf5kd50nUT6KpSNVKW+3Iy1dALXlxtuZ9nYN3pSJyoK n6X7sdwOnN1Q7SjPSQ10R9jV1lxZ2IJXaVSo5EKZ8rUSzRc+0Ra1KSKPuhSQpJBSyD45lOBpUoU ExcC2KQOmISm2S+rTDLhdeEl4OEA7+O5Ca+ZoCN3ETJjtIYuPV4NZokXxVXwQx+KL+Ci+iV9jY 2Ucw9Syj90dcGXcmn21sPbzTFaAPaW9f6xTa05phx5yrQq1x4yYLrwBv/fy4HjtUX0xuyXeie+ o/604Ep/RQdj74b1flfU3p9Tjom8HukTM8Sdn/AK2G48QyHM+t4A7CfGnMuAdegyfDHuLdVPlC3 wzxvt5/HHsNnCNDnvwa1KV+91C55orGY7X5jxlTEGfpZNs1QlyxhNkjf/Ol4M5Gc46apskq+Kz NNKfOYgQyegaSImest3wzWQabwWv5Iyommd/fNQ620+MivtZ+f82jgrrVbty1xar98q1B/lNLd INukm3cSJLVKMntEINVLZHr+mADq2iZVv3raWB61Qh51ynoWXVfgONhfZ/</latexit>
 0.1
<latexit sha1_base64="tR+h4ekeIZYFNAAf eixqStywnRA=">AAAEhnicjVM7bxNBEB6HA0x4JIEGicbCCqLhtGceQVQWNNAlDk4iOZF1d94k K99Le2dDOPkPUNAGiQokCkTPH6DhD1DkJyDKINFQ8O34ABnHifd0tzPfzDePvVkvCVSaCXFQmj llnT5ztnxu9vyFi5fm5hcur6VxT/uy6cdBrDc8N5WBimQzU1kgNxIt3dAL5LrXfWTs632pUxVH T7O9RG6F7k6ktpXvZga6JWynPV8VtuBVGRecQqhSsZbjhdIn2qQOxeRTj0KSFFEGOSCXUjwtckh QAmyLcmAakmK7pAHNgtuDl4SHC7SL7w60VoFG0E3MlNk+sgR4NZgVWhRfxQdxKL6Ij+Kb+DUxV s4xTC172L0hVybtuZdXV3+eyAqxZ7T7j3VszRlt032uVaH2hBHThT/k91/sH64+aCzmN8Q78R3 1vxUH4jM6iPo//PcrsvHmmHo89O1Cl4g5+eSMX8h24xEBecbnFnInEf5UDrxLD+GTY2+zbqp8jm /O+KCIP4ndAa7RYR9+Lapxv5voXHMlo/E6nKeKKRiwdJStNkXOZIqsyd/5cjEno1nHbdNkVXyW RvozBzEiGV0DqdATthu+mUzjreCVnhBV8+xPjtpg+5FRcT+d/2/juLBWs53btli5U63fK25qma 7RdbqJE1miOj2mZWqisl16Rfv02ipbtnXXWhq6zpQKzhUaWVb9N4lm9n4=</latexit>
lo
g
1
0
⌧
(E
)
<latexit sha1_base64="IOHTJ0p8ZHe9mJqTlbycdPn84AU="></latexit>
n = 4
<latexit sha1_base6 4="U1R6H7EMkjPB7SmfI9ds77DIEzk=">AAAE hXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWI CREBA10iY2TSE5k3Z03zsr30t7ZEE7+A0i0pE gVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz 38w3j71ZJ/JUnAhxlJs6Z52/MD0zO3fx0uUr8 wuLV9fjsKtdWXdDL9Sbjh1LTwWynqjEk5uRlr bveHLD6Twx9o2e1LEKg+fJXiS3fbsdqB3l2gm gWvCw0lwoiKLglR8VSplQoGythou5T7RFLQrJ pS75JCmgBLJHNsV4GlQiQRGwbUqBaUiK7ZL6N AduF14SHjbQDr5taI0MDaCbmDGzXWTx8Gow87 QsvooP4lh8ER/FN/FrbKyUY5ha9rA7A66MmvOv l2o/z2T52BPa/cc6teaEdug+16pQe8SI6cId8 Huv9o9rD6rL6U3xTnxH/YfiSHxGB0Hvh/t+TV YPTqnHQd82dImY40/O+PlsNx4BkBd8bj53EuB PpcA79Bg+KfYm66bKl/imjPez+OPYLeAaHfbg 16Ay97uFzjVXMhyvxXkKmII+SyfZyhPkjCbIG v2dLxtzMpx11DZJVsVnaaQ/cxAiktE1kDw9Y7 vhm8k03gpe8RlRNc/++KhVtp8YFfez9P9tHBXW y8XSnWJ5rVJYqWQ3dYau0w26hRO5Ryv0lFapj sra9Ibe0r41bd22KtbdgetULuNco6FlPfoN8i 72lw==</latexit>
n = 5
<latexit sha1_base6 4="hvbULNGVHs6d+tnOX8vRtfWSLp0=">AAAE hXicjVM7bxNBEB6Hg4TwSAINEo2FFUSDtTbmo UiICBroEhsnkZzIujtvzMr30t7ZIZz8B5BoSU GVSBSInj9Awx+gyE9AlEGioeDb8QEyjhPv6W5n vplvHnuzTuSpOBHiMDd1xjp7bnrm/OyFi5cuz 80vXFmLw652Zd0NvVBvOHYsPRXIeqIST25EWt q+48l1p/PE2Nd7UscqDJ4nu5Hc8u12oLaVaye AasHDu835gigKXvlRoZQJBcrWSriQ+0Sb1KKQ XOqST5ICSiB7ZFOMp0ElEhQB26IUmIak2C6pT 7PgduEl4WED7eDbhtbI0AC6iRkz20UWD68GM0 +L4qv4II7EF/FRfBO/xsZKOYapZRe7M+DKqDn3 +lrt56ksH3tCL/6xTqw5oW16wLUq1B4xYrpwB /zeq72j2lJ1Mb0pDsR31L8vDsVndBD0frjvV2 X13Qn1OOjbhi4Rc/zJGT+f7cYjALLD5+ZzJwH +VAq8Q4/hk2Jvsm6qfIlvyng/iz+O3QKu0WEP fg0qc7+b6FxzJcPxWpyngCnos3ScrTxBzmiCr NHf+bIxJ8NZR22TZFV8lkb6MwchIhldA8nTM7 YbvplM463gFZ8SVfPsj49aZfuxUXE/S//fxlFh rVws3SmWVyuF5Up2U2foOt2gWziR+7RMT2mF6 qisTW/oLe1Z09Ztq2LdG7hO5TLOVRpa1qPf9k 32mA==</latexit>
n = 6
<latexit sha1_base6 4="e0/f5kzPwAs0I8tKihYYpv8jgbI=">AAAE hXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTZWQ EiICBroEhsnkZzIujtvzMr30t7ZEE7+A0i0pE gVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz 38w3j71ZJ/JUnAhxlJs6Z52/MD0zO3fx0uUr8 wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlr bveHLT6Tw29s2e1LEKg2fJXiR3fLsdqF3l2gm gWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSS S13ySVJACWSPbIrxNKhEgiJgO5QC05AU2yX1a Q7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5m lZfBUfxLH4Ij6Kb+LX2FgpxzC17GF3BlwZNedf L9V+nsnysSf0/B/r1JoT2qV7XKtC7REjpgt3w O+92j+u3a8upzfFO/Ed9R+KI/EZHQS9H+77dV k9OKUeB33b0CVijj854+ez3XgEQF7wufncSYA /lQLv0CP4pNibrJsqX+KbMt7P4o9jt4BrdNiD X4PK3O82OtdcyXC8FucpYAr6LJ1kK0+QM5oga /R3vmzMyXDWUdskWRWfpZH+zEGISEbXQPL0lO 2GbybTeCt4xWdE1Tz746NW2X5iVNzP0v+3cVTY KBdLd4rl9UphtZLd1Bm6TjfoFk7kLq3SE1qjO ipr0xt6S/vWtHXbqlgrA9epXMa5RkPLevgb+m z2mQ==</latexit>
n = 7
<latexit sha1_base6 4="MtWgUhpOovOYuz0HrjCPtsbVmYE=">AAAE hXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWQ UiICBroEhsnkZzIujtvzMr30t7ZEE7+A0i0pE gVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz 38w3j71ZJ/JUnAhxlJs6Z52/MD0zO3fx0uUr8 wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlr bveHLT6Tw29s2e1LEKg2fJXiR3fLsdqF3l2gm gWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSS S13ySVJACWSPbIrxNKhEgiJgO5QC05AU2yX1a Q7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5m lZfBUfxLH4Ij6Kb+LX2FgpxzC17GF3BlwZNedf L9V+nsnysSf0/B/r1JoT2qV7XKtC7REjpgt3w O+92j+u3a8upzfFO/Ed9R+KI/EZHQS9H+77dV k9OKUeB33b0CVijj854+ez3XgEQF7wufncSYA /lQLv0CP4pNibrJsqX+KbMt7P4o9jt4BrdNiD X4PK3O82OtdcyXC8FucpYAr6LJ1kK0+QM5oga /R3vmzMyXDWUdskWRWfpZH+zEGISEbXQPL0lO 2GbybTeCt4xWdE1Tz746NW2X5iVNzP0v+3cVTY KBdLd4rl9UphtZLd1Bm6TjfoFk5khVbpCa1RH ZW16Q29pX1r2rptVay7A9epXMa5RkPLevgb/o v2mg==</latexit>
n = 8
<latexit sha1_base6 4="9VVtrCyw63xk7SmeJsnxM5bUdm8=">AAAE hXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWR EiICBroEhsnkZzIujtvzMr30t7ZEE7+A0i0pE gVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz 38w3j71ZJ/JUnAhxlJs6Z52/MD0zO3fx0uUr8 wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlr bveHLT6Tw29s2e1LEKg2fJXiR3fLsdqF3l2gm gWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSS S13ySVJACWSPbIrxNKhEgiJgO5QC05AU2yX1a Q7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5m lZfBUfxLH4Ij6Kb+LX2FgpxzC17GF3BlwZNedf L9V+nsnysSf0/B/r1JoT2qUVrlWh9ogR04U74 Pde7R/X7leX05vinfiO+g/FkfiMDoLeD/f9uq wenFKPg75t6BIxx5+c8fPZbjwCIC/43HzuJMC fSoF36BF8UuxN1k2VL/FNGe9n8cexW8A1OuzB r0Fl7ncbnWuuZDhei/MUMAV9lk6ylSfIGU2QN fo7XzbmZDjrqG2SrIrP0kh/5iBEJKNrIHl6yn bDN5NpvBW84jOiap798VGrbD8xKu5n6f/bOCps lIulO8XyeqWwWslu6gxdpxt0Cydyj1bpCa1RH ZW16Q29pX1r2rptVay7A9epXMa5RkPLevgbAr n2mw==</latexit>
n = 9
<latexit sha1_base6 4="8OnEMYv+lkmG03JZ5otGEANBXkc=">AAAE hXicjVM7bxNBEB6Hg4TwSAINEo2FFUSDtTYWj 0iICBroEhsnkZzIujtvzMr30t7ZIZz8B5BoSU GVSBSInj9Awx+gyE9AlEGioeDb8QEyjhPv6W5n vplvHnuzTuSpOBHiMDd1xjp7bnrm/OyFi5cuz 80vXFmLw652Zd0NvVBvOHYsPRXIeqIST25EWt q+48l1p/PE2Nd7UscqDJ4nu5Hc8u12oLaVaye AasHDB835gigKXvlRoZQJBcrWSriQ+0Sb1KKQ XOqST5ICSiB7ZFOMp0ElEhQB26IUmIak2C6pT 7PgduEl4WED7eDbhtbI0AC6iRkz20UWD68GM0 +L4qv4II7EF/FRfBO/xsZKOYapZRe7M+DKqDn3 +lrt56ksH3tCL/6xTqw5oW26z7Uq1B4xYrpwB /zeq72j2lJ1Mb0pDsR31L8vDsVndBD0frjvV2 X13Qn1OOjbhi4Rc/zJGT+f7cYjALLD5+ZzJwH +VAq8Q4/hk2Jvsm6qfIlvyng/iz+O3QKu0WEP fg0qc7+b6FxzJcPxWpyngCnos3ScrTxBzmiCr NHf+bIxJ8NZR22TZFV8lkb6MwchIhldA8nTM7 YbvplM463gFZ8SVfPsj49aZfuxUXE/S//fxlFh rVws3SmWVyuF5Up2U2foOt2gWziRe7RMT2mF6 qisTW/oLe1Z09Ztq2LdHbhO5TLOVRpa1qPfBt j2nA==</latexit>
n = 10
<latexit sha1_base6 4="9yJ1DozpUDwIZvQQW8tBURsZnP0=">AAAE hnicjVO9bhNBEB6HA0z4SQINEo2FFURl7ZmgI CQkizShSxycRHIi6+68SVa+P+2dDeHkF6BIm0 hUIFEgel6AhhegyCMgyiDRUPDt+AAZx4n3dLcz 38w3P3uzbuyrJBXiuDB1wbp46XLxyvTVa9dvz MzO3VxPoq72ZMOL/Ehvuk4ifRXKRqpSX27GWj qB68sNt7Nk7Bs9qRMVhc/T/VhuB85uqHaU56Q GCp/YojVbFhXBqzQq2LlQpnytRHOFT7RFbYrI oy4FJCmkFLJPDiV4mmSToBjYNmXANCTFdkl9m ga3Cy8JDwdoB99daM0cDaGbmAmzPWTx8WowSz QvvooP4kR8ER/FN/FrbKyMY5ha9rG7A66MWzOv b6/9PJcVYE9p7x/rzJpT2qFHXKtC7TEjpgtvw O+9OjxZe1yfz+6Jd+I76n8rjsVndBD2fnjvV2 X9zRn1uOjbgS4Rc/zJGb+A7cYjBPKCzy3gTkL 8qQx4h57CJ8PeYt1U+RLfjPF+Hn8cuw1co8Me /JpU5X630LnmSobjtTlPGVPQZ+k0W3WCnPEEW eO/8+VgToazjtomyar4LI30Zw4iRDK6BlKiZ2 w3fDOZxlvBKzknqubZHx+1zvZTo+J+2v/fxlFh vVqxH1Sqqwvl2kJ+U4t0h+7SfZzIItVomVaog cr26IAO6cgqWhXrobU4cJ0q5JxbNLSs2m/UD/ bO</latexit>
n = 11
<latexit sha1_base6 4="0Rr6G5QbfePbQr0drB7mSk4JNLU=">AAAE hnicjVO9bhNBEB6HA0z4SQINEo2FFURl7ZmgI CQkizShSxycRHIi6+68SVa+P+2dDeHkF6BIm0 hUIFEgel6AhhegyCMgyiDRUPDt+AAZx4n3dLcz 38w3P3uzbuyrJBXiuDB1wbp46XLxyvTVa9dvz MzO3VxPoq72ZMOL/Ehvuk4ifRXKRqpSX27GWj qB68sNt7Nk7Bs9qRMVhc/T/VhuB85uqHaU56Q GCp/Ydmu2LCqCV2lUsHOhTPlaieYKn2iL2hSR R10KSFJIKWSfHErwNMkmQTGwbcqAaUiK7ZL6N A1uF14SHg7QDr670Jo5GkI3MRNme8ji49Vglm hefBUfxIn4Ij6Kb+LX2FgZxzC17GN3B1wZt2Ze 3177eS4rwJ7S3j/WmTWntEOPuFaF2mNGTBfeg N97dXiy9rg+n90T78R31P9WHIvP6CDs/fDer8 r6mzPqcdG3A10i5viTM34B241HCOQFn1vAnYT 4UxnwDj2FT4a9xbqp8iW+GeP9PP44dhu4Roc9 +DWpyv1uoXPNlQzHa3OeMqagz9JptuoEOeMJs sZ/58vBnAxnHbVNklXxWRrpzxxEiGR0DaREz9 hu+GYyjbeCV3JOVM2zPz5qne2nRsX9tP+/jaPC erViP6hUVxfKtYX8phbpDt2l+ziRRarRMq1QA 5Xt0QEd0pFVtCrWQ2tx4DpVyDm3aGhZtd/YLv bP</latexit>
n = 12
<latexit sha1_base6 4="MEGHn5J7zm2B01N7EjmXnAR1LWg=">AAAE hnicjVO9bhNBEB6HA0z4SQINEo2FFURl7R1BQ UhIFjTQJQ5OIjmRdXfeJCvfn/bOhnDyC1DQBo kKJApEzwvQ8AIUeQREGSQaCr4dHyDjOPGe7nbm m/nmZ2/WSwKVZkIclmbOWGfPnS9fmL146fKVu fmFq+tp3NO+bPpxEOtNz01loCLZzFQWyM1ESz f0ArnhdR8Z+0Zf6lTF0dNsP5HbobsbqR3lu5m Boge2056viprgVRkX7EKoUrFW4oXSJ9qiDsXk U49CkhRRBjkgl1I8LbJJUAJsm3JgGpJiu6QBz YLbg5eEhwu0i+8utFaBRtBNzJTZPrIEeDWYFV oUX8UHcSS+iI/im/g1MVbOMUwt+9i9IVcm7bmX 19d+nsoKsWe09491Ys0Z7dA9rlWh9oQR04U/5 PdfHByt3W8s5rfEO/Ed9b8Vh+IzOoj6P/z3q7 Lx5oR6PPTtQpeIOfnkjF/IduMRAXnG5xZyJxH +VA68Sw/hk2Nvs26qfI5vzvigiD+J3QGu0WEf fi1yuN8tdK65ktF4Hc5TxRQMWDrO5kyRM5kia /J3vlzMyWjWcds0WRWfpZH+zEGMSEbXQCr0hO 2GbybTeCt4padE1Tz7k6M22H5sVNxP+//bOC6s OzX7Ts1ZXarWl4qbWqYbdJNu40SWqU6PaYWaq GyPXtEBvbbKVs26ay0PXWdKBecajSyr/hvcTf bQ</latexit>
n = 3
<latexit sha1_base6 4="1stTw+VSGPGifVLB8F/fUfDfFCQ=">AAAE hXicjVM9bxNBEB0nB/ngIwk0SDQWVhAN1tqJA CGhRNBAl9g4ieRE1t15Y1a+L+2dHcLJfyBS2k RABRIFokeipuEPUOQnIMog0VDwdmxAxnHitXw7 +2bem5m9OSfyVJwIcZQZG7fOnZ+YnJq+cPHS5 ZnZuStrcdjSrqy4oRfqDceOpacCWUlU4smNSE vbdzy57jQfGf96W+pYhcHTZDeSW77dCNS2cu0 EUDl4sFCbzYm84JUdNAo9I7f06aVZr1bCucxH 2qQ6heRSi3ySFFAC2yObYvyqVCBBEbAtSoFpW Ir9kjo0DW4LURIRNtAmng2cqj00wNloxsx2kc XDX4OZpXnxVbwXx+KL+CC+iV9DtVLWMLXsYne6 XBnVZvaulX+eyfKxJ/TsH+vUmhPapntcq0LtE SOmC7fLb784PC7fL82nN8Vb8R31vxFH4jM6CN o/3HersvT6lHoc9G3jLKE5/OZMnM9+ExEA2eF 787mTAG8qBd6kh4hJsdf4bKp8jmfKeKenP4xd B67RYRtxVSpyv5voXHMl/Xp1zpPDFHTYOslXH CFnNELW6O982ZiT/qyDvlGyKr5LY/2ZgxBK5q yBZOkJ+w3fTKaJVoiKz1DVPPvDVUvsP1EV32fh /69x0Fgr5gsL+eKqyC0vUndN0nW6QbdwI3dpm R7TClVQWYP26YAOrQnrtrVo3emGjmV6nKvUt6 yl3+/z+yE=</latexit>
n = 4
<latexit sha1_base64="U1R6H7EMkjPB7Smf I9ds77DIEzk=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWICREBA10iY2TSE5k3Z03 zsr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLV9fjsKtdWXdDL9Sbjh1LTwWynqjEk5uRlrbveHLD6Twx9o2e1LEK g+fJXiS3fbsdqB3l2gmgWvCw0lwoiKLglR8VSplQoGythou5T7RFLQrJpS75JCmgBLJHNsV4GlQ iQRGwbUqBaUiK7ZL6NAduF14SHjbQDr5taI0MDaCbmDGzXWTx8Gow87QsvooP4lh8ER/FN/Frb KyUY5ha9rA7A66MmvOvl2o/z2T52BPa/cc6teaEdug+16pQe8SI6cId8Huv9o9rD6rL6U3xTnx H/YfiSHxGB0Hvh/t+TVYPTqnHQd82dImY40/O+PlsNx4BkBd8bj53EuBPpcA79Bg+KfYm66bKl/ imjPez+OPYLeAaHfbg16Ay97uFzjVXMhyvxXkKmII+SyfZyhPkjCbIGv2dLxtzMpx11DZJVsVn aaQ/cxAiktE1kDw9Y7vhm8k03gpe8RlRNc/++KhVtp8YFfez9P9tHBXWy8XSnWJ5rVJYqWQ3dY au0w26hRO5Ryv0lFapjsra9Ibe0r41bd22KtbdgetULuNco6FlPfoN8i72lw==</latexit>
n = 5
<latexit sha1_base64="hvbULNGVHs6d+tnO X8vRtfWSLp0=">AAAEhXicjVM7bxNBEB6Hg4TwSAINEo2FFUSDtTbmoUiICBroEhsnkZzIujtv zMr30t7ZIZz8B5BoSUGVSBSInj9Awx+gyE9AlEGioeDb8QEyjhPv6W5nvplvHnuzTuSpOBHiMD d1xjp7bnrm/OyFi5cuz80vXFmLw652Zd0NvVBvOHYsPRXIeqIST25EWtq+48l1p/PE2Nd7Uscq DJ4nu5Hc8u12oLaVayeAasHDu835gigKXvlRoZQJBcrWSriQ+0Sb1KKQXOqST5ICSiB7ZFOMp0E lEhQB26IUmIak2C6pT7PgduEl4WED7eDbhtbI0AC6iRkz20UWD68GM0+L4qv4II7EF/FRfBO/x sZKOYapZRe7M+DKqDn3+lrt56ksH3tCL/6xTqw5oW16wLUq1B4xYrpwB/zeq72j2lJ1Mb0pDsR 31L8vDsVndBD0frjvV2X13Qn1OOjbhi4Rc/zJGT+f7cYjALLD5+ZzJwH+VAq8Q4/hk2Jvsm6qfI lvyng/iz+O3QKu0WEPfg0qc7+b6FxzJcPxWpyngCnos3ScrTxBzmiCrNHf+bIxJ8NZR22TZFV8 lkb6MwchIhldA8nTM7YbvplM463gFZ8SVfPsj49aZfuxUXE/S//fxlFhrVws3SmWVyuF5Up2U2 foOt2gWziR+7RMT2mF6qisTW/oLe1Z09Ztq2LdG7hO5TLOVRpa1qPf9k32mA==</latexit>
n = 6
<latexit sha1_base64="e0/f5kzPwAs0I8tK ihYYpv8jgbI=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTZWQEiICBroEhsnkZzIujtv zMr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlrbveHLT6Tw29s2e1LEK g2fJXiR3fLsdqF3l2gmgWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSSS13ySVJACWSPbIrxNKh EgiJgO5QC05AU2yX1aQ7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5mlZfBUfxLH4Ij6Kb+LX2 FgpxzC17GF3BlwZNedfL9V+nsnysSf0/B/r1JoT2qV7XKtC7REjpgt3wO+92j+u3a8upzfFO/E d9R+KI/EZHQS9H+77dVk9OKUeB33b0CVijj854+ez3XgEQF7wufncSYA/lQLv0CP4pNibrJsqX+ KbMt7P4o9jt4BrdNiDX4PK3O82OtdcyXC8FucpYAr6LJ1kK0+QM5oga/R3vmzMyXDWUdskWRWf pZH+zEGISEbXQPL0lO2GbybTeCt4xWdE1Tz746NW2X5iVNzP0v+3cVTYKBdLd4rl9UphtZLd1B m6TjfoFk7kLq3SE1qjOipr0xt6S/vWtHXbqlgrA9epXMa5RkPLevgb+mz2mQ==</latexit>
n = 7
<latexit sha1_base64="MtWgUhpOovOYuz0H rjCPtsbVmYE=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWQUiICBroEhsnkZzIujtv zMr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlrbveHLT6Tw29s2e1LEK g2fJXiR3fLsdqF3l2gmgWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSSS13ySVJACWSPbIrxNKh EgiJgO5QC05AU2yX1aQ7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5mlZfBUfxLH4Ij6Kb+LX2 FgpxzC17GF3BlwZNedfL9V+nsnysSf0/B/r1JoT2qV7XKtC7REjpgt3wO+92j+u3a8upzfFO/E d9R+KI/EZHQS9H+77dVk9OKUeB33b0CVijj854+ez3XgEQF7wufncSYA/lQLv0CP4pNibrJsqX+ KbMt7P4o9jt4BrdNiDX4PK3O82OtdcyXC8FucpYAr6LJ1kK0+QM5oga/R3vmzMyXDWUdskWRWf pZH+zEGISEbXQPL0lO2GbybTeCt4xWdE1Tz746NW2X5iVNzP0v+3cVTYKBdLd4rl9UphtZLd1B m6TjfoFk5khVbpCa1RHZW16Q29pX1r2rptVay7A9epXMa5RkPLevgb/ov2mg==</latexit>
n = 8
<latexit sha1_base64="9VVtrCyw63xk7Sme JsnxM5bUdm8=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWREiICBroEhsnkZzIujtv zMr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlrbveHLT6Tw29s2e1LEK g2fJXiR3fLsdqF3l2gmgWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSSS13ySVJACWSPbIrxNKh EgiJgO5QC05AU2yX1aQ7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5mlZfBUfxLH4Ij6Kb+LX2 FgpxzC17GF3BlwZNedfL9V+nsnysSf0/B/r1JoT2qUVrlWh9ogR04U74Pde7R/X7leX05vinfi O+g/FkfiMDoLeD/f9uqwenFKPg75t6BIxx5+c8fPZbjwCIC/43HzuJMCfSoF36BF8UuxN1k2VL/ FNGe9n8cexW8A1OuzBr0Fl7ncbnWuuZDhei/MUMAV9lk6ylSfIGU2QNfo7XzbmZDjrqG2SrIrP 0kh/5iBEJKNrIHl6ynbDN5NpvBW84jOiap798VGrbD8xKu5n6f/bOCpslIulO8XyeqWwWslu6g xdpxt0Cydyj1bpCa1RHZW16Q29pX1r2rptVay7A9epXMa5RkPLevgbArn2mw==</latexit>
n = 9
<latexit sha1_base64="8OnEMYv+lkmG03JZ 5otGEANBXkc=">AAAEhXicjVM7bxNBEB6Hg4TwSAINEo2FFUSDtTYWj0iICBroEhsnkZzIujtv zMr30t7ZIZz8B5BoSUGVSBSInj9Awx+gyE9AlEGioeDb8QEyjhPv6W5nvplvHnuzTuSpOBHiMD d1xjp7bnrm/OyFi5cuz80vXFmLw652Zd0NvVBvOHYsPRXIeqIST25EWtq+48l1p/PE2Nd7Uscq DJ4nu5Hc8u12oLaVayeAasHDB835gigKXvlRoZQJBcrWSriQ+0Sb1KKQXOqST5ICSiB7ZFOMp0E lEhQB26IUmIak2C6pT7PgduEl4WED7eDbhtbI0AC6iRkz20UWD68GM0+L4qv4II7EF/FRfBO/x sZKOYapZRe7M+DKqDn3+lrt56ksH3tCL/6xTqw5oW26z7Uq1B4xYrpwB/zeq72j2lJ1Mb0pDsR 31L8vDsVndBD0frjvV2X13Qn1OOjbhi4Rc/zJGT+f7cYjALLD5+ZzJwH+VAq8Q4/hk2Jvsm6qfI lvyng/iz+O3QKu0WEPfg0qc7+b6FxzJcPxWpyngCnos3ScrTxBzmiCrNHf+bIxJ8NZR22TZFV8 lkb6MwchIhldA8nTM7YbvplM463gFZ8SVfPsj49aZfuxUXE/S//fxlFhrVws3SmWVyuF5Up2U2 foOt2gWziRe7RMT2mF6qisTW/oLe1Z09Ztq2LdHbhO5TLOVRpa1qPfBtj2nA==</latexit>
n = 10
<latexit sha1_base64="9yJ1DozpUDwIZvQQ W8tBURsZnP0=">AAAEhnicjVO9bhNBEB6HA0z4SQINEo2FFURl7ZmgICQkizShSxycRHIi6+68 SVa+P+2dDeHkF6BIm0hUIFEgel6AhhegyCMgyiDRUPDt+AAZx4n3dLcz38w3P3uzbuyrJBXiuD B1wbp46XLxyvTVa9dvzMzO3VxPoq72ZMOL/Ehvuk4ifRXKRqpSX27GWjqB68sNt7Nk7Bs9qRMV hc/T/VhuB85uqHaU56QGCp/YojVbFhXBqzQq2LlQpnytRHOFT7RFbYrIoy4FJCmkFLJPDiV4mmS ToBjYNmXANCTFdkl9mga3Cy8JDwdoB99daM0cDaGbmAmzPWTx8WowSzQvvooP4kR8ER/FN/Frb KyMY5ha9rG7A66MWzOvb6/9PJcVYE9p7x/rzJpT2qFHXKtC7TEjpgtvwO+9OjxZe1yfz+6Jd+I 76n8rjsVndBD2fnjvV2X9zRn1uOjbgS4Rc/zJGb+A7cYjBPKCzy3gTkL8qQx4h57CJ8PeYt1U+R LfjPF+Hn8cuw1co8Me/JpU5X630LnmSobjtTlPGVPQZ+k0W3WCnPEEWeO/8+VgToazjtomyar4 LI30Zw4iRDK6BlKiZ2w3fDOZxlvBKzknqubZHx+1zvZTo+J+2v/fxlFhvVqxH1Sqqwvl2kJ+U4 t0h+7SfZzIItVomVaogcr26IAO6cgqWhXrobU4cJ0q5JxbNLSs2m/UD/bO</latexit>
n = 11
<latexit sha1_base64="0Rr6G5QbfePbQr0d rB7mSk4JNLU=">AAAEhnicjVO9bhNBEB6HA0z4SQINEo2FFURl7ZmgICQkizShSxycRHIi6+68 SVa+P+2dDeHkF6BIm0hUIFEgel6AhhegyCMgyiDRUPDt+AAZx4n3dLcz38w3P3uzbuyrJBXiuD B1wbp46XLxyvTVa9dvzMzO3VxPoq72ZMOL/Ehvuk4ifRXKRqpSX27GWjqB68sNt7Nk7Bs9qRMV hc/T/VhuB85uqHaU56QGCp/Ydmu2LCqCV2lUsHOhTPlaieYKn2iL2hSRR10KSFJIKWSfHErwNMk mQTGwbcqAaUiK7ZL6NA1uF14SHg7QDr670Jo5GkI3MRNme8ji49VglmhefBUfxIn4Ij6Kb+LX2 FgZxzC17GN3B1wZt2Ze3177eS4rwJ7S3j/WmTWntEOPuFaF2mNGTBfegN97dXiy9rg+n90T78R 31P9WHIvP6CDs/fDer8r6mzPqcdG3A10i5viTM34B241HCOQFn1vAnYT4UxnwDj2FT4a9xbqp8i W+GeP9PP44dhu4Roc9+DWpyv1uoXPNlQzHa3OeMqagz9JptuoEOeMJssZ/58vBnAxnHbVNklXx WRrpzxxEiGR0DaREz9hu+GYyjbeCV3JOVM2zPz5qne2nRsX9tP+/jaPCerViP6hUVxfKtYX8ph bpDt2l+ziRRarRMq1QA5Xt0QEd0pFVtCrWQ2tx4DpVyDm3aGhZtd/YLvbP</latexit>
n = 12
<latexit sha1_base64="MEGHn5J7zm2B01N7 EjmXnAR1LWg=">AAAEhnicjVO9bhNBEB6HA0z4SQINEo2FFURl7R1BQUhIFjTQJQ5OIjmRdXfe JCvfn/bOhnDyC1DQBokKJApEzwvQ8AIUeQREGSQaCr4dHyDjOPGe7nbmm/nmZ2/WSwKVZkIclm bOWGfPnS9fmL146fKVufmFq+tp3NO+bPpxEOtNz01loCLZzFQWyM1ESzf0ArnhdR8Z+0Zf6lTF 0dNsP5HbobsbqR3lu5mBoge2056viprgVRkX7EKoUrFW4oXSJ9qiDsXkU49CkhRRBjkgl1I8LbJ JUAJsm3JgGpJiu6QBzYLbg5eEhwu0i+8utFaBRtBNzJTZPrIEeDWYFVoUX8UHcSS+iI/im/g1M VbOMUwt+9i9IVcm7bmX19d+nsoKsWe09491Ys0Z7dA9rlWh9oQR04U/5PdfHByt3W8s5rfEO/E d9b8Vh+IzOoj6P/z3q7Lx5oR6PPTtQpeIOfnkjF/IduMRAXnG5xZyJxH+VA68Sw/hk2Nvs26qfI 5vzvigiD+J3QGu0WEffi1yuN8tdK65ktF4Hc5TxRQMWDrO5kyRM5kia/J3vlzMyWjWcds0WRWf pZH+zEGMSEbXQCr0hO2GbybTeCt4padE1Tz7k6M22H5sVNxP+//bOC6sOzX7Ts1ZXarWl4qbWq YbdJNu40SWqU6PaYWaqGyPXtEBvbbKVs26ay0PXWdKBecajSyr/hvcTfbQ</latexit>
n = 3
<latexit sha1_base64="1stTw+VSGPGifVLB 8F/fUfDfFCQ=">AAAEhXicjVM9bxNBEB0nB/ngIwk0SDQWVhAN1tqJACGhRNBAl9g4ieRE1t15 Y1a+L+2dHcLJfyBS2kRABRIFokeipuEPUOQnIMog0VDwdmxAxnHitXw7+2bem5m9OSfyVJwIcZ QZG7fOnZ+YnJq+cPHS5ZnZuStrcdjSrqy4oRfqDceOpacCWUlU4smNSEvbdzy57jQfGf96W+pY hcHTZDeSW77dCNS2cu0EUDl4sFCbzYm84JUdNAo9I7f06aVZr1bCucxH2qQ6heRSi3ySFFAC2yO bYvyqVCBBEbAtSoFpWIr9kjo0DW4LURIRNtAmng2cqj00wNloxsx2kcXDX4OZpXnxVbwXx+KL+ CC+iV9DtVLWMLXsYne6XBnVZvaulX+eyfKxJ/TsH+vUmhPapntcq0LtESOmC7fLb784PC7fL82 nN8Vb8R31vxFH4jM6CNo/3HersvT6lHoc9G3jLKE5/OZMnM9+ExEA2eF787mTAG8qBd6kh4hJsd f4bKp8jmfKeKenP4xdB67RYRtxVSpyv5voXHMl/Xp1zpPDFHTYOslXHCFnNELW6O982ZiT/qyD vlGyKr5LY/2ZgxBK5qyBZOkJ+w3fTKaJVoiKz1DVPPvDVUvsP1EV32fh/69x0Fgr5gsL+eKqyC 0vUndN0nW6QbdwI3dpmR7TClVQWYP26YAOrQnrtrVo3emGjmV6nKvUt6yl3+/z+yE=</latexi t>
n = 4
<latexit sha1_base64="U1R6H7EMkjPB7Smf I9ds77DIEzk=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWICREBA10iY2TSE5k3Z03 zsr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLV9fjsKtdWXdDL9Sbjh1LTwWynqjEk5uRlrbveHLD6Twx9o2e1LEK g+fJXiS3fbsdqB3l2gmgWvCw0lwoiKLglR8VSplQoGythou5T7RFLQrJpS75JCmgBLJHNsV4GlQ iQRGwbUqBaUiK7ZL6NAduF14SHjbQDr5taI0MDaCbmDGzXWTx8Gow87QsvooP4lh8ER/FN/Frb KyUY5ha9rA7A66MmvOvl2o/z2T52BPa/cc6teaEdug+16pQe8SI6cId8Huv9o9rD6rL6U3xTnx H/YfiSHxGB0Hvh/t+TVYPTqnHQd82dImY40/O+PlsNx4BkBd8bj53EuBPpcA79Bg+KfYm66bKl/ imjPez+OPYLeAaHfbg16Ay97uFzjVXMhyvxXkKmII+SyfZyhPkjCbIGv2dLxtzMpx11DZJVsVn aaQ/cxAiktE1kDw9Y7vhm8k03gpe8RlRNc/++KhVtp8YFfez9P9tHBXWy8XSnWJ5rVJYqWQ3dY au0w26hRO5Ryv0lFapjsra9Ibe0r41bd22KtbdgetULuNco6FlPfoN8i72lw==</latexit>
n = 5
<latexit sha1_base64="hvbULNGVHs6d+tnO X8vRtfWSLp0=">AAAEhXicjVM7bxNBEB6Hg4TwSAINEo2FFUSDtTbmoUiICBroEhsnkZzIujtv zMr30t7ZIZz8B5BoSUGVSBSInj9Awx+gyE9AlEGioeDb8QEyjhPv6W5nvplvHnuzTuSpOBHiMD d1xjp7bnrm/OyFi5cuz80vXFmLw652Zd0NvVBvOHYsPRXIeqIST25EWtq+48l1p/PE2Nd7Uscq DJ4nu5Hc8u12oLaVayeAasHDu835gigKXvlRoZQJBcrWSriQ+0Sb1KKQXOqST5ICSiB7ZFOMp0E lEhQB26IUmIak2C6pT7PgduEl4WED7eDbhtbI0AC6iRkz20UWD68GM0+L4qv4II7EF/FRfBO/x sZKOYapZRe7M+DKqDn3+lrt56ksH3tCL/6xTqw5oW16wLUq1B4xYrpwB/zeq72j2lJ1Mb0pDsR 31L8vDsVndBD0frjvV2X13Qn1OOjbhi4Rc/zJGT+f7cYjALLD5+ZzJwH+VAq8Q4/hk2Jvsm6qfI lvyng/iz+O3QKu0WEPfg0qc7+b6FxzJcPxWpyngCnos3ScrTxBzmiCrNHf+bIxJ8NZR22TZFV8 lkb6MwchIhldA8nTM7YbvplM463gFZ8SVfPsj49aZfuxUXE/S//fxlFhrVws3SmWVyuF5Up2U2 foOt2gWziR+7RMT2mF6qisTW/oLe1Z09Ztq2LdG7hO5TLOVRpa1qPf9k32mA==</latexit>
n = 6
<latexit sha1_base64="e0/f5kzPwAs0I8tK ihYYpv8jgbI=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTZWQEiICBroEhsnkZzIujtv zMr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlrbveHLT6Tw29s2e1LEK g2fJXiR3fLsdqF3l2gmgWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSSS13ySVJACWSPbIrxNKh EgiJgO5QC05AU2yX1aQ7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5mlZfBUfxLH4Ij6Kb+LX2 FgpxzC17GF3BlwZNedfL9V+nsnysSf0/B/r1JoT2qV7XKtC7REjpgt3wO+92j+u3a8upzfFO/E d9R+KI/EZHQS9H+77dVk9OKUeB33b0CVijj854+ez3XgEQF7wufncSYA/lQLv0CP4pNibrJsqX+ KbMt7P4o9jt4BrdNiDX4PK3O82OtdcyXC8FucpYAr6LJ1kK0+QM5oga/R3vmzMyXDWUdskWRWf pZH+zEGISEbXQPL0lO2GbybTeCt4xWdE1Tz746NW2X5iVNzP0v+3cVTYKBdLd4rl9UphtZLd1B m6TjfoFk7kLq3SE1qjOipr0xt6S/vWtHXbqlgrA9epXMa5RkPLevgb+mz2mQ==</latexit>
n = 7
<latexit sha1_base64="MtWgUhpOovOYuz0H rjCPtsbVmYE=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWQUiICBroEhsnkZzIujtv zMr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlrbveHLT6Tw29s2e1LEK g2fJXiR3fLsdqF3l2gmgWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSSS13ySVJACWSPbIrxNKh EgiJgO5QC05AU2yX1aQ7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5mlZfBUfxLH4Ij6Kb+LX2 FgpxzC17GF3BlwZNedfL9V+nsnysSf0/B/r1JoT2qV7XKtC7REjpgt3wO+92j+u3a8upzfFO/E d9R+KI/EZHQS9H+77dVk9OKUeB33b0CVijj854+ez3XgEQF7wufncSYA/lQLv0CP4pNibrJsqX+ KbMt7P4o9jt4BrdNiDX4PK3O82OtdcyXC8FucpYAr6LJ1kK0+QM5oga/R3vmzMyXDWUdskWRWf pZH+zEGISEbXQPL0lO2GbybTeCt4xWdE1Tz746NW2X5iVNzP0v+3cVTYKBdLd4rl9UphtZLd1B m6TjfoFk5khVbpCa1RHZW16Q29pX1r2rptVay7A9epXMa5RkPLevgb/ov2mg==</latexit>
n = 8
<latexit sha1_base64="9VVtrCyw63xk7Sme JsnxM5bUdm8=">AAAEhXicjVM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWREiICBroEhsnkZzIujtv zMr30t7ZEE7+A0i0pEgVJApEzx+g4Q9Q5CcgyiDRUPDt+AAZx4n3dLcz38w3j71ZJ/JUnAhxlJ s6Z52/MD0zO3fx0uUr8wuLVzfisKtdWXdDL9Rbjh1LTwWynqjEk1uRlrbveHLT6Tw29s2e1LEK g2fJXiR3fLsdqF3l2gmgWvBgpblQEEXBKz8qlDKhQNlaCxdzn2ibWhSSS13ySVJACWSPbIrxNKh EgiJgO5QC05AU2yX1aQ7cLrwkPGygHXzb0BoZGkA3MWNmu8ji4dVg5mlZfBUfxLH4Ij6Kb+LX2 FgpxzC17GF3BlwZNedfL9V+nsnysSf0/B/r1JoT2qUVrlWh9ogR04U74Pde7R/X7leX05vinfi O+g/FkfiMDoLeD/f9uqwenFKPg75t6BIxx5+c8fPZbjwCIC/43HzuJMCfSoF36BF8UuxN1k2VL/ FNGe9n8cexW8A1OuzBr0Fl7ncbnWuuZDhei/MUMAV9lk6ylSfIGU2QNfo7XzbmZDjrqG2SrIrP 0kh/5iBEJKNrIHl6ynbDN5NpvBW84jOiap798VGrbD8xKu5n6f/bOCpslIulO8XyeqWwWslu6g xdpxt0Cydyj1bpCa1RHZW16Q29pX1r2rptVay7A9epXMa5RkPLevgbArn2mw==</latexit>
n = 9
<latexit sha1_base64="8OnEMYv+lkmG03JZ 5otGEANBXkc=">AAAEhXicjVM7bxNBEB6Hg4TwSAINEo2FFUSDtTYWj0iICBroEhsnkZzIujtv zMr30t7ZIZz8B5BoSUGVSBSInj9Awx+gyE9AlEGioeDb8QEyjhPv6W5nvplvHnuzTuSpOBHiMD d1xjp7bnrm/OyFi5cuz80vXFmLw652Zd0NvVBvOHYsPRXIeqIST25EWtq+48l1p/PE2Nd7Uscq DJ4nu5Hc8u12oLaVayeAasHDB835gigKXvlRoZQJBcrWSriQ+0Sb1KKQXOqST5ICSiB7ZFOMp0E lEhQB26IUmIak2C6pT7PgduEl4WED7eDbhtbI0AC6iRkz20UWD68GM0+L4qv4II7EF/FRfBO/x sZKOYapZRe7M+DKqDn3+lrt56ksH3tCL/6xTqw5oW26z7Uq1B4xYrpwB/zeq72j2lJ1Mb0pDsR 31L8vDsVndBD0frjvV2X13Qn1OOjbhi4Rc/zJGT+f7cYjALLD5+ZzJwH+VAq8Q4/hk2Jvsm6qfI lvyng/iz+O3QKu0WEPfg0qc7+b6FxzJcPxWpyngCnos3ScrTxBzmiCrNHf+bIxJ8NZR22TZFV8 lkb6MwchIhldA8nTM7YbvplM463gFZ8SVfPsj49aZfuxUXE/S//fxlFhrVws3SmWVyuF5Up2U2 foOt2gWziRe7RMT2mF6qisTW/oLe1Z09Ztq2LdHbhO5TLOVRpa1qPfBtj2nA==</latexit>
n = 10
<latexit sha1_base64="9yJ1DozpUDwIZvQQ W8tBURsZnP0=">AAAEhnicjVO9bhNBEB6HA0z4SQINEo2FFURl7ZmgICQkizShSxycRHIi6+68 SVa+P+2dDeHkF6BIm0hUIFEgel6AhhegyCMgyiDRUPDt+AAZx4n3dLcz38w3P3uzbuyrJBXiuD B1wbp46XLxyvTVa9dvzMzO3VxPoq72ZMOL/Ehvuk4ifRXKRqpSX27GWjqB68sNt7Nk7Bs9qRMV hc/T/VhuB85uqHaU56QGCp/YojVbFhXBqzQq2LlQpnytRHOFT7RFbYrIoy4FJCmkFLJPDiV4mmS ToBjYNmXANCTFdkl9mga3Cy8JDwdoB99daM0cDaGbmAmzPWTx8WowSzQvvooP4kR8ER/FN/Frb KyMY5ha9rG7A66MWzOvb6/9PJcVYE9p7x/rzJpT2qFHXKtC7TEjpgtvwO+9OjxZe1yfz+6Jd+I 76n8rjsVndBD2fnjvV2X9zRn1uOjbgS4Rc/zJGb+A7cYjBPKCzy3gTkL8qQx4h57CJ8PeYt1U+R LfjPF+Hn8cuw1co8Me/JpU5X630LnmSobjtTlPGVPQZ+k0W3WCnPEEWeO/8+VgToazjtomyar4 LI30Zw4iRDK6BlKiZ2w3fDOZxlvBKzknqubZHx+1zvZTo+J+2v/fxlFhvVqxH1Sqqwvl2kJ+U4 t0h+7SfZzIItVomVaogcr26IAO6cgqWhXrobU4cJ0q5JxbNLSs2m/UD/bO</latexit>
n = 11
<latexit sha1_base64="0Rr6G5QbfePbQr0d rB7mSk4JNLU=">AAAEhnicjVO9bhNBEB6HA0z4SQINEo2FFURl7ZmgICQkizShSxycRHIi6+68 SVa+P+2dDeHkF6BIm0hUIFEgel6AhhegyCMgyiDRUPDt+AAZx4n3dLcz38w3P3uzbuyrJBXiuD B1wbp46XLxyvTVa9dvzMzO3VxPoq72ZMOL/Ehvuk4ifRXKRqpSX27GWjqB68sNt7Nk7Bs9qRMV hc/T/VhuB85uqHaU56QGCp/Ydmu2LCqCV2lUsHOhTPlaieYKn2iL2hSRR10KSFJIKWSfHErwNMk mQTGwbcqAaUiK7ZL6NA1uF14SHg7QDr670Jo5GkI3MRNme8ji49VglmhefBUfxIn4Ij6Kb+LX2 FgZxzC17GN3B1wZt2Ze3177eS4rwJ7S3j/WmTWntEOPuFaF2mNGTBfegN97dXiy9rg+n90T78R 31P9WHIvP6CDs/fDer8r6mzPqcdG3A10i5viTM34B241HCOQFn1vAnYT4UxnwDj2FT4a9xbqp8i W+GeP9PP44dhu4Roc9+DWpyv1uoXPNlQzHa3OeMqagz9JptuoEOeMJssZ/58vBnAxnHbVNklXx WRrpzxxEiGR0DaREz9hu+GYyjbeCV3JOVM2zPz5qne2nRsX9tP+/jaPCerViP6hUVxfKtYX8ph bpDt2l+ziRRarRMq1QA5Xt0QEd0pFVtCrWQ2tx4DpVyDm3aGhZtd/YLvbP</latexit>
n = 12
<latexit sha1_base64="MEGHn5J7zm2B01N7 EjmXnAR1LWg=">AAAEhnicjVO9bhNBEB6HA0z4SQINEo2FFURl7R1BQUhIFjTQJQ5OIjmRdXfe JCvfn/bOhnDyC1DQBokKJApEzwvQ8AIUeQREGSQaCr4dHyDjOPGe7nbmm/nmZ2/WSwKVZkIclm bOWGfPnS9fmL146fKVufmFq+tp3NO+bPpxEOtNz01loCLZzFQWyM1ESzf0ArnhdR8Z+0Zf6lTF 0dNsP5HbobsbqR3lu5mBoge2056viprgVRkX7EKoUrFW4oXSJ9qiDsXkU49CkhRRBjkgl1I8LbJ JUAJsm3JgGpJiu6QBzYLbg5eEhwu0i+8utFaBRtBNzJTZPrIEeDWYFVoUX8UHcSS+iI/im/g1M VbOMUwt+9i9IVcm7bmX19d+nsoKsWe09491Ys0Z7dA9rlWh9oQR04U/5PdfHByt3W8s5rfEO/E d9b8Vh+IzOoj6P/z3q7Lx5oR6PPTtQpeIOfnkjF/IduMRAXnG5xZyJxH+VA68Sw/hk2Nvs26qfI 5vzvigiD+J3QGu0WEffi1yuN8tdK65ktF4Hc5TxRQMWDrO5kyRM5kia/J3vlzMyWjWcds0WRWf pZH+zEGMSEbXQCr0hO2GbybTeCt4padE1Tz7k6M22H5sVNxP+//bOC6sOzX7Ts1ZXarWl4qbWq YbdJNu40SWqU6PaYWaqGyPXtEBvbbKVs26ay0PXWdKBecajSyr/hvcTfbQ</latexit>
n = 3
<latexit sha1_base64="1stTw+VSGPGifVLB 8F/fUfDfFCQ=">AAAEhXicjVM9bxNBEB0nB/ngIwk0SDQWVhAN1tqJACGhRNBAl9g4ieRE1t15 Y1a+L+2dHcLJfyBS2kRABRIFokeipuEPUOQnIMog0VDwdmxAxnHitXw7+2bem5m9OSfyVJwIcZ QZG7fOnZ+YnJq+cPHS5ZnZuStrcdjSrqy4oRfqDceOpacCWUlU4smNSEvbdzy57jQfGf96W+pY hcHTZDeSW77dCNS2cu0EUDl4sFCbzYm84JUdNAo9I7f06aVZr1bCucxH2qQ6heRSi3ySFFAC2yO bYvyqVCBBEbAtSoFpWIr9kjo0DW4LURIRNtAmng2cqj00wNloxsx2kcXDX4OZpXnxVbwXx+KL+ CC+iV9DtVLWMLXsYne6XBnVZvaulX+eyfKxJ/TsH+vUmhPapntcq0LtESOmC7fLb784PC7fL82 nN8Vb8R31vxFH4jM6CNo/3HersvT6lHoc9G3jLKE5/OZMnM9+ExEA2eF787mTAG8qBd6kh4hJsd f4bKp8jmfKeKenP4xdB67RYRtxVSpyv5voXHMl/Xp1zpPDFHTYOslXHCFnNELW6O982ZiT/qyD vlGyKr5LY/2ZgxBK5qyBZOkJ+w3fTKaJVoiKz1DVPPvDVUvsP1EV32fh/69x0Fgr5gsL+eKqyC 0vUndN0nW6QbdwI3dpmR7TClVQWYP26YAOrQnrtrVo3emGjmV6nKvUt6yl3+/z+yE=</latexi t>
(d) total
<latexit sha1_base6 4="yOT49PgYuZHsjvNflxc+iiqX6RY=">AAAE nXicjVNPaxNBFH+pq9b6p6leFA8uhkq9hEkUF A9SFEFBpE1NU0hK2N1M2yH7j9lJbF0W734BD5 4UehBBb34BL34BD/0I4rGCFw/+ZrIqMU2bWXbn vd97v/dn9o0b+yJRjO0Vpo5Zx0+cnD41c/rM2 XOzxbnzq0nUkx6ve5EfyTXXSbgvQl5XQvl8LZ bcCVyfN9zufW1v9LlMRBQ+VTsxXw+czVBsCM9 RgNrFSy3Ft1W60Lme2S17oKhIOX7WLpZYmZll jwqVXChRvpaiucInalGHIvKoRwFxCklB9smhB E+TKsQoBrZOKTAJSRg7p4xmwO3Bi8PDAdrFdx NaM0dD6DpmYtgesvh4JZg2zbOv7B3bZ1/Ye/aN /RobKzUxdC072N0Bl8ft2ZcXV34eyQqwK9r6x zq0ZkUbdNvUKlB7bBDdhTfg95+/2l+5U5tPr7 G37Dvqf8P22Gd0EPZ/eLvLvPb6kHpc9O1A54g 5/uS0X2Ds2iME8sycW2A6CfGnUuBdugefFHvb 6LrKbXxTg2d5/HHsDnCJDvvwa1LV9NtC59JUM hyvY/KUMAWZkQ6yVSfIGU+QNf47Xw7mZDjrqG 2SrMKcpZb+zEGESFqXQGx6ZOyarydTewt4JUdE lWb2x0etGfuBUXE/K//fxlFhtVqu3ChXl2+WF u/mN3WaLtNVWsCJ3KJFekhLVEdlL2iXPtBH64 r1wHpsPRm4ThVyzgUaWlbjN8bdAIU=</latex it>
(e) majority
<latexit sha1_base64="k3I62EIAtB6XxKVL f4I1k+JMx/0=">AAAEoHicjVO9bhNBEB6HA0L4iQMNEhRWrKDQWGuDBKJAETShInZwEmFH1t15 Exbfn/bWJuZ0DSUvQEEFEhKICgpegIYXoMgjRCmDREPBt+sDZBwn3tPdznwz3/zszTqRJ2LF2G 5u6oR18tTp6TMzZ8+dvzCbn7u4Fodd6fK6G3qh3HDsmHsi4HUllMc3Islt3/H4utO5r+3rPS5j EQaPVD/im769HYgt4doKUCt/tan4jkoW+fW00CwMFN9+Gkqh+mkrX2QlZlZhVChnQpGytRLO5b5 Qk9oUkktd8olTQAqyRzbFeBpUJkYRsE1KgElIwtg5pTQDbhdeHB420A6+29AaGRpA1zFjw3aRx cMrwSzQAvvOPrAD9o19ZHvs19hYiYmha+ljdwZcHrVmX15e/Xksy8eu6Mk/1pE1K9qi26ZWgdo jg+gu3AG/9/zVweqd2kJyjb1l+6j/DdtlX9FB0Pvhvqvy2usj6nHQtw2dI+b4k9N+vrFrjwDIM3 NuvukkwJ9KgHfoHnwS7C2j6yp38E0Mnmbxx7HbwCU67MGvQRXTbxOdS1PJcLy2yVPEFKRGOsxW mSBnNEHW6O982ZiT4ayjtkmyCnOWWvozByEiaV0CKdADY9d8PZnaW8ArPiaqNLM/PmrN2A+Niv tZ/v82jgprlVL5RqlSvVlcupvd1Gm6QvO0iBO5RUu0TCtUR2Uv6D19os/WvLVsPbSqA9epXMa5 REPLevwbtJEB7w==</latexit>
(f) minority
<latexit sha1_base64="RNXF9YPVLEJsKIjJ KuZwZsYgKkc=">AAAEoHicjVO9bhNBEB6HA0L4iQMNEhRWrKDQWGuDBKJAETShInZwEmFH1t15 nax8f9pbm5jTNZS8AAUVSEggKih4ARpegCKPgCiDREPBt+sDZBwn3tPdznwz3/zszTqRJ2LF2H 5u5oR18tTp2TNzZ8+dvzCfX7i4EYc96fK6G3qh3HLsmHsi4HUllMe3Islt3/H4ptO9r+2bfS5j EQaP1CDi2769E4iOcG0FqJW/2lR8TyXLnetpoVkYKr4IQinUIG3li6zEzCqMC+VMKFK21sKF3Cd qUptCcqlHPnEKSEH2yKYYT4PKxCgCtk0JMAlJGDunlObA7cGLw8MG2sV3B1ojQwPoOmZs2C6ye HglmAVaYl/ZO3bAvrD37Bv7NTFWYmLoWgbYnSGXR63555fXfx7L8rEr2v3HOrJmRR26bWoVqD0 yiO7CHfL7T18crN+pLSXX2Gv2HfW/YvvsMzoI+j/cN1Vee3lEPQ76tqFzxJx8ctrPN3btEQB5Ys 7NN50E+FMJ8C7dg0+CvWV0XeUevonB0yz+JHYbuESHffg1qGL6baJzaSoZjdc2eYqYgtRIh9kq U+SMpsga/Z0vG3MymnXcNk1WYc5SS3/mIEQkrUsgBXpg7JqvJ1N7C3jFx0SVZvYnR60Z+6FRcT /L/9/GcWGjUirfKFWqN4srd7ObOktXaJGWcSK3aIVWaY3qqOwZvaUP9NFatFath1Z16DqTyziX aGRZj38D6ogB/A==</latexit>
E   EF (eV)
<latexit sha1_base6 4="mhgXTUmxv3XMvS5hmE5EnvSwTcQ=">AAAE n3icjVO9bhNBEB6Hg4TwEwcapDQHVlAosNYmC ogqAoWfBjkOdoLs6HR33oSV7097Z5NwckHLC1 BQgYQQooGGF6DhBSjyCIgySDQUfLs+QMZx4j3d 7cw3M9/M7M06kSfihLG93MQx4/iJyamT06dOn zk7k589V4/DjnR5zQ29UG44dsw9EfBaIhKPb0 SS277j8XWnfVvZ17tcxiIMHia7Ed/07e1AbAn XTgBZ+bmVqytWM+E7SXqnZ5pNsy8v8PqVnpUv sCLTyxwWSplQoGxVwtncJ2pSi0JyqUM+cQoog eyRTTGeBpWIUQRsk1JgEpLQdk49mkZsB14cHj bQNr7b0BoZGkBXnLGOdpHFwysRadI8+8resX32 hb1n39ivkVyp5lC17GJ3+rE8smaeX1j7eWSUj z2hx/+iDq05oS26oWsVqD3SiOrC7cd3n77YX7 tZnU8vs9fsO+p/xfbYZ3QQdH+4b1Z59eUh9Tj o24bOwTn65JSfr+3KIwDyRJ+brzsJ8KdS4G26 BZ8Uu6V1VeUOvqnGexn/qOgWcIkOu/BrUFn32 0TnUlcyyNfSeQqYgp6WDrKVx8gZjZE1+jtfNu ZkMOuwbZysQp+lkv7MQQgmpUsgJt3XdhWvJlN5 C3jFR7BKPfujWavafiAr7mfp/9s4LNTLxdK1Y nl1sbC8lN3UKZqjS7SAE7lOy3SPKlRDZc/oLX 2gj8ZF467xwKj0XSdyWcx5GljGo9/OYwBA</l atexit>
E   EF (eV)
<latexit sha1_base64="mhgXTUmxv3XMvS5h mE5EnvSwTcQ=">AAAEn3icjVO9bhNBEB6Hg4TwEwcapDQHVlAosNYmCogqAoWfBjkOdoLs6HR3 3oSV7097Z5NwckHLC1BQgYQQooGGF6DhBSjyCIgySDQUfLs+QMZx4j3d7cw3M9/M7M06kSfihL G93MQx4/iJyamT06dOnzk7k589V4/DjnR5zQ29UG44dsw9EfBaIhKPb0SS277j8XWnfVvZ17tc xiIMHia7Ed/07e1AbAnXTgBZ+bmVqytWM+E7SXqnZ5pNsy8v8PqVnpUvsCLTyxwWSplQoGxVwtn cJ2pSi0JyqUM+cQoogeyRTTGeBpWIUQRsk1JgEpLQdk49mkZsB14cHjbQNr7b0BoZGkBXnLGOd pHFwysRadI8+8resX32hb1n39ivkVyp5lC17GJ3+rE8smaeX1j7eWSUjz2hx/+iDq05oS26oWs VqD3SiOrC7cd3n77YX7tZnU8vs9fsO+p/xfbYZ3QQdH+4b1Z59eUh9Tjo24bOwTn65JSfr+3KIw DyRJ+brzsJ8KdS4G26BZ8Uu6V1VeUOvqnGexn/qOgWcIkOu/BrUFn320TnUlcyyNfSeQqYgp6W DrKVx8gZjZE1+jtfNuZkMOuwbZysQp+lkv7MQQgmpUsgJt3XdhWvJlN5C3jFR7BKPfujWavafi Ar7mfp/9s4LNTLxdK1Ynl1sbC8lN3UKZqjS7SAE7lOy3SPKlRDZc/oLX2gj8ZF467xwKj0XSdy Wcx5GljGo9/OYwBA</latexit>
E   EF (eV)
<latexit sha1_base64="mhgXTUmxv3XMvS5h mE5EnvSwTcQ=">AAAEn3icjVO9bhNBEB6Hg4TwEwcapDQHVlAosNYmCogqAoWfBjkOdoLs6HR3 3oSV7097Z5NwckHLC1BQgYQQooGGF6DhBSjyCIgySDQUfLs+QMZx4j3d7cw3M9/M7M06kSfihL G93MQx4/iJyamT06dOnzk7k589V4/DjnR5zQ29UG44dsw9EfBaIhKPb0SS277j8XWnfVvZ17tc xiIMHia7Ed/07e1AbAnXTgBZ+bmVqytWM+E7SXqnZ5pNsy8v8PqVnpUvsCLTyxwWSplQoGxVwtn cJ2pSi0JyqUM+cQoogeyRTTGeBpWIUQRsk1JgEpLQdk49mkZsB14cHjbQNr7b0BoZGkBXnLGOd pHFwysRadI8+8resX32hb1n39ivkVyp5lC17GJ3+rE8smaeX1j7eWSUjz2hx/+iDq05oS26oWs VqD3SiOrC7cd3n77YX7tZnU8vs9fsO+p/xfbYZ3QQdH+4b1Z59eUh9Tjo24bOwTn65JSfr+3KIw DyRJ+brzsJ8KdS4G26BZ8Uu6V1VeUOvqnGexn/qOgWcIkOu/BrUFn320TnUlcyyNfSeQqYgp6W DrKVx8gZjZE1+jtfNuZkMOuwbZysQp+lkv7MQQgmpUsgJt3XdhWvJlN5C3jFR7BKPfujWavafi Ar7mfp/9s4LNTLxdK1Ynl1sbC8lN3UKZqjS7SAE7lOy3SPKlRDZc/oLX2gj8ZF467xwKj0XSdy Wcx5GljGo9/OYwBA</latexit>
E   EF (eV)
<latexit sha1_base6 4="mhgXTUmxv3XMvS5hmE5EnvSwTcQ=">AAAE n3icjVO9bhNBEB6Hg4TwEwcapDQHVlAosNYmC ogqAoWfBjkOdoLs6HR33oSV7097Z5NwckHLC1 BQgYQQooGGF6DhBSjyCIgySDQUfLs+QMZx4j3d 7cw3M9/M7M06kSfihLG93MQx4/iJyamT06dOn zk7k589V4/DjnR5zQ29UG44dsw9EfBaIhKPb0 SS277j8XWnfVvZ17tcxiIMHia7Ed/07e1AbAn XTgBZ+bmVqytWM+E7SXqnZ5pNsy8v8PqVnpUv sCLTyxwWSplQoGxVwtncJ2pSi0JyqUM+cQoog eyRTTGeBpWIUQRsk1JgEpLQdk49mkZsB14cHj bQNr7b0BoZGkBXnLGOdpHFwysRadI8+8resX32 hb1n39ivkVyp5lC17GJ3+rE8smaeX1j7eWSUj z2hx/+iDq05oS26oWsVqD3SiOrC7cd3n77YX7 tZnU8vs9fsO+p/xfbYZ3QQdH+4b1Z59eUh9Tj o24bOwTn65JSfr+3KIwDyRJ+brzsJ8KdS4G26 BZ8Uu6V1VeUOvqnGexn/qOgWcIkOu/BrUFn32 0TnUlcyyNfSeQqYgp6WDrKVx8gZjZE1+jtfNu ZkMOuwbZysQp+lkv7MQQgmpUsgJt3XdhWvJlN5 C3jFR7BKPfujWavafiAr7mfp/9s4LNTLxdK1Y nl1sbC8lN3UKZqjS7SAE7lOy3SPKlRDZc/oLX 2gj8ZF467xwKj0XSdyWcx5GljGo9/OYwBA</l atexit>
E   EF (eV)
<latexit sha1_base64="mhgXTUmxv3XMvS5h mE5EnvSwTcQ=">AAAEn3icjVO9bhNBEB6Hg4TwEwcapDQHVlAosNYmCogqAoWfBjkOdoLs6HR3 3oSV7097Z5NwckHLC1BQgYQQooGGF6DhBSjyCIgySDQUfLs+QMZx4j3d7cw3M9/M7M06kSfihL G93MQx4/iJyamT06dOnzk7k589V4/DjnR5zQ29UG44dsw9EfBaIhKPb0SS277j8XWnfVvZ17tc xiIMHia7Ed/07e1AbAnXTgBZ+bmVqytWM+E7SXqnZ5pNsy8v8PqVnpUvsCLTyxwWSplQoGxVwtn cJ2pSi0JyqUM+cQoogeyRTTGeBpWIUQRsk1JgEpLQdk49mkZsB14cHjbQNr7b0BoZGkBXnLGOd pHFwysRadI8+8resX32hb1n39ivkVyp5lC17GJ3+rE8smaeX1j7eWSUjz2hx/+iDq05oS26oWs VqD3SiOrC7cd3n77YX7tZnU8vs9fsO+p/xfbYZ3QQdH+4b1Z59eUh9Tjo24bOwTn65JSfr+3KIw DyRJ+brzsJ8KdS4G26BZ8Uu6V1VeUOvqnGexn/qOgWcIkOu/BrUFn320TnUlcyyNfSeQqYgp6W DrKVx8gZjZE1+jtfNuZkMOuwbZysQp+lkv7MQQgmpUsgJt3XdhWvJlN5C3jFR7BKPfujWavafi Ar7mfp/9s4LNTLxdK1Ynl1sbC8lN3UKZqjS7SAE7lOy3SPKlRDZc/oLX2gj8ZF467xwKj0XSdy Wcx5GljGo9/OYwBA</latexit>
E   EF (eV)
<latexit sha1_base64="mhgXTUmxv3XMvS5h mE5EnvSwTcQ=">AAAEn3icjVO9bhNBEB6Hg4TwEwcapDQHVlAosNYmCogqAoWfBjkOdoLs6HR3 3oSV7097Z5NwckHLC1BQgYQQooGGF6DhBSjyCIgySDQUfLs+QMZx4j3d7cw3M9/M7M06kSfihL G93MQx4/iJyamT06dOnzk7k589V4/DjnR5zQ29UG44dsw9EfBaIhKPb0SS277j8XWnfVvZ17tc xiIMHia7Ed/07e1AbAnXTgBZ+bmVqytWM+E7SXqnZ5pNsy8v8PqVnpUvsCLTyxwWSplQoGxVwtn cJ2pSi0JyqUM+cQoogeyRTTGeBpWIUQRsk1JgEpLQdk49mkZsB14cHjbQNr7b0BoZGkBXnLGOd pHFwysRadI8+8resX32hb1n39ivkVyp5lC17GJ3+rE8smaeX1j7eWSUjz2hx/+iDq05oS26oWs VqD3SiOrC7cd3n77YX7tZnU8vs9fsO+p/xfbYZ3QQdH+4b1Z59eUh9Tjo24bOwTn65JSfr+3KIw DyRJ+brzsJ8KdS4G26BZ8Uu6V1VeUOvqnGexn/qOgWcIkOu/BrUFn320TnUlcyyNfSeQqYgp6W DrKVx8gZjZE1+jtfNuZkMOuwbZysQp+lkv7MQQgmpUsgJt3XdhWvJlN5C3jFR7BKPfujWavafi Ar7mfp/9s4LNTLxdK1Ynl1sbC8lN3UKZqjS7SAE7lOy3SPKlRDZc/oLX2gj8ZF467xwKj0XSdy Wcx5GljGo9/OYwBA</latexit>
n = 10
<latexit sha1_base64="9yJ1DozpUDwIZvQQ W8tBURsZnP0=">AAAEhnicjVO9bhNBEB6HA0z4SQINEo2FFURl7ZmgICQkizShSxycRHIi6+68 SVa+P+2dDeHkF6BIm0hUIFEgel6AhhegyCMgyiDRUPDt+AAZx4n3dLcz38w3P3uzbuyrJBXiuD B1wbp46XLxyvTVa9dvzMzO3VxPoq72ZMOL/Ehvuk4ifRXKRqpSX27GWjqB68sNt7Nk7Bs9qRMV hc/T/VhuB85uqHaU56QGCp/YojVbFhXBqzQq2LlQpnytRHOFT7RFbYrIoy4FJCmkFLJPDiV4mmS ToBjYNmXANCTFdkl9mga3Cy8JDwdoB99daM0cDaGbmAmzPWTx8WowSzQvvooP4kR8ER/FN/Frb KyMY5ha9rG7A66MWzOvb6/9PJcVYE9p7x/rzJpT2qFHXKtC7TEjpgtvwO+9OjxZe1yfz+6Jd+I 76n8rjsVndBD2fnjvV2X9zRn1uOjbgS4Rc/zJGb+A7cYjBPKCzy3gTkL8qQx4h57CJ8PeYt1U+R LfjPF+Hn8cuw1co8Me/JpU5X630LnmSobjtTlPGVPQZ+k0W3WCnPEEWeO/8+VgToazjtomyar4 LI30Zw4iRDK6BlKiZ2w3fDOZxlvBKzknqubZHx+1zvZTo+J+2v/fxlFhvVqxH1Sqqwvl2kJ+U4 t0h+7SfZzIItVomVaogcr26IAO6cgqWhXrobU4cJ0q5JxbNLSs2m/UD/bO</latexit>
n = 11
<latexit sha1_base64="0Rr6G5QbfePbQr0d rB7mSk4JNLU=">AAAEhnicjVO9bhNBEB6HA0z4SQINEo2FFURl7ZmgICQkizShSxycRHIi6+68 SVa+P+2dDeHkF6BIm0hUIFEgel6AhhegyCMgyiDRUPDt+AAZx4n3dLcz38w3P3uzbuyrJBXiuD B1wbp46XLxyvTVa9dvzMzO3VxPoq72ZMOL/Ehvuk4ifRXKRqpSX27GWjqB68sNt7Nk7Bs9qRMV hc/T/VhuB85uqHaU56QGCp/Ydmu2LCqCV2lUsHOhTPlaieYKn2iL2hSRR10KSFJIKWSfHErwNMk mQTGwbcqAaUiK7ZL6NA1uF14SHg7QDr670Jo5GkI3MRNme8ji49VglmhefBUfxIn4Ij6Kb+LX2 FgZxzC17GN3B1wZt2Ze3177eS4rwJ7S3j/WmTWntEOPuFaF2mNGTBfegN97dXiy9rg+n90T78R 31P9WHIvP6CDs/fDer8r6mzPqcdG3A10i5viTM34B241HCOQFn1vAnYT4UxnwDj2FT4a9xbqp8i W+GeP9PP44dhu4Roc9+DWpyv1uoXPNlQzHa3OeMqagz9JptuoEOeMJssZ/58vBnAxnHbVNklXx WRrpzxxEiGR0DaREz9hu+GYyjbeCV3JOVM2zPz5qne2nRsX9tP+/jaPCerViP6hUVxfKtYX8ph bpDt2l+ziRRarRMq1QA5Xt0QEd0pFVtCrWQ2tx4DpVyDm3aGhZtd/YLvbP</latexit>
n = 12
<latexit sha1_base64="MEGHn5J7zm2B01N7 EjmXnAR1LWg=">AAAEhnicjVO9bhNBEB6HA0z4SQINEo2FFURl7R1BQUhIFjTQJQ5OIjmRdXfe JCvfn/bOhnDyC1DQBokKJApEzwvQ8AIUeQREGSQaCr4dHyDjOPGe7nbmm/nmZ2/WSwKVZkIclm bOWGfPnS9fmL146fKVufmFq+tp3NO+bPpxEOtNz01loCLZzFQWyM1ESzf0ArnhdR8Z+0Zf6lTF 0dNsP5HbobsbqR3lu5mBoge2056viprgVRkX7EKoUrFW4oXSJ9qiDsXkU49CkhRRBjkgl1I8LbJ JUAJsm3JgGpJiu6QBzYLbg5eEhwu0i+8utFaBRtBNzJTZPrIEeDWYFVoUX8UHcSS+iI/im/g1M VbOMUwt+9i9IVcm7bmX19d+nsoKsWe09491Ys0Z7dA9rlWh9oQR04U/5PdfHByt3W8s5rfEO/E d9b8Vh+IzOoj6P/z3q7Lx5oR6PPTtQpeIOfnkjF/IduMRAXnG5xZyJxH+VA68Sw/hk2Nvs26qfI 5vzvigiD+J3QGu0WEffi1yuN8tdK65ktF4Hc5TxRQMWDrO5kyRM5kia/J3vlzMyWjWcds0WRWf pZH+zEGMSEbXQCr0hO2GbybTeCt4padE1Tz7k6M22H5sVNxP+//bOC6sOzX7Ts1ZXarWl4qbWq YbdJNu40SWqU6PaYWaqGyPXtEBvbbKVs26ay0PXWdKBecajSyr/hvcTfbQ</latexit>
compressive distortion (a = aFe = 2.866 A˚)
<latexit s ha1_base64="N9QWkV RQ4yupqzuIcjPQdwwGh sk=">AAAExXicjVNLb 9NAEJ4UA6U8msIFiYtF VFQu0SZFoSAVNSDxuLU paSvFVWQ727KKX7Id0 2JZ3PkDHDiBhBDizh/g woUjoP4ExLFIXDjw7c YURWnarGXvzDfzzWM9a wWOiGLG9goTJ7STp05 Pnpk6e+78henizMW1yO +FNm/avuOHG5YZcUd4v BmL2OEbQchN13L4utW 9J+3rCQ8j4XuP492Ab7 rmtie2hG3GgNrFuhHz nTi1fRe0KBIJ1zvI6of SrGdz5qLZ7rvc59miX i0v1Gq6ofcho17PrreL JVZmaunDQiUXSpSvZX+ m8JEM6pBPNvXIJU4ex ZAdMinC06IKMQqAbVIK LIQklJ1TRlPg9uDF4W EC7eK7Da2Vox50GTNSb BtZHLwhmDrNsq/sPdt nn9kH9oP9GRkrVTFkLb vYrT6XB+3pF5dXfx/Lc rHH9OQ/68iaY9qiBVW rQO2BQmQXdp+fPHu5v3 q7MZteY2/YT9T/mu2x T+jAS37Zb1d449UR9Vj o24TOEXP0yUk/V9mlh wfkqTo3V3Xi4U+lwLt0 Fz4p9rbSZZU7+KYKz/L 4o9gd4CE6TODXoqrq1 0DnoapkMF5H5SlhCjIl HWarjpEzGCNrcDBfJu ZkMOuwbZysQp2llP7Ng Y9IUg+B6PRI2SVfTqb 0FvCKjokaqtkfHbWh7I dGVffzlly1g9s4LKxVy 5X58vzKjdLSnfymTtI VukpzOJGbtEQPaZmaqO wdfaFv9F17oLlarCV9 14lCzrlEA0t7/hfwBRB g</latexit>
extensive distortion (a = aMgO/
p
2 = 2.978 A˚)
<latexit s ha1_base64="bwchID WfECwfyIYZASdxpG7bx 2Q=">AAAEzXicjVM7b 9NQFD4phpbyaAoLEotF VFSWcJMi2iIVtbDQAbV NSVspriLbuQ1W/OLaC S3GrEj8AQYmkBgQAxt/ gIU/0KELzIixSCwMfP fGFEVt2lzLvud853znc X2uFbpOFDO2lxs6pZ0 +MzxydvTc+QsXx/Ljl9 aioC1sXrUDNxAblhlx1 /F5NXZil2+Egpue5fJ 1q3Vf2tc7XERO4D+Kd0 K+6ZlN39lybDMGVM8v GjHfjhO83I+cDtcbyBk IadTTSXPOrHcdHjaX0 ptG9ETESTmd08vF2ekZ 3dC7RmNhIb1RzxdYkam lHxZKmVCgbC0H47nPZ FCDArKpTR5x8imG7JJJ EZ4alYhRCGyTEmACkq PsnFIaBbcNLw4PE2gL3 ya0Wob60GXMSLFtZHH xCjB1mmC77APbZ1/ZR/ aD/ekbK1ExZC072K0ul 4f1sVdXVn+fyPKwx/T 4P+vYmmPaohlVq4PaQ4 XILuwuv/Ps9f7qncpE cp29Yz9R/1u2x76gA7/ zy36/witvjqnHQt8md I6Y/U9O+nnKLj18IE/V uXmqEx9/KgHeonvwSbD XlS6r3MY3UXiaxe/Hb gAX6LADvxqVVb8GOheq kt54DZWngClIlXSUrT xAznCArOHBfJmYk96sh 22DZHXUWUrp3xwEiCR 1AUSnRWWXfDmZ0tuBV3 RCVKFmv3/UirIfGVXdz 1m5bh/cxsPCWrlYmip OrdwqzN/NbuoIXaVrNI kTmaZ5ekDLVEVln2iX vtF3bUlra8+1F13XoVz GuUw9S3v5F3vdE7Y=< /latexit>
FIG. 4. (a) Total transmittance, (b) transmittance in the
majority-spin channel, and (c) that in the minority-spin chan-
nel in the Fe(7ML)/MgO(nML)/Fe(7ML)(001) MTJ as a
function of energy relative to the Fermi energy E − EF for
the number of MgO layers n from n = 3 to n = 12 and the
compressive distortion (a = aFe = 2.866 A˚). (d)-(f) The same
as (a)-(c) but for the extensive distortion (a = aMgO/
√
2 =
2.978 A˚). The solid curves show the transmittances for odd n,
while the dotted curves show those for even n. We plotted the
data in the energy range E − EF = [−0.2 eV, 0.2 eV], which
mainly contributes to the Seebeck coefficients at T = 300 K
since the factor (E − EF)[−(df/dE)] at T = 300 K in Fig. 3
is almost zero outside the range.
symmetric energy dependence of transmittance with re-
spect to the Fermi energy, thus resulting in a zero Seebeck
coefficient. Therefore, we need an asymmetric energy
dependence of transmittance with respect to the Fermi
energy for a larger L1. Moreover, such an asymmetric
energy dependence should appear near the Fermi energy
since (E − EF)[−(df/dE)] is almost zero at the energy
far away from the Fermi energy (Fig. 3). At 300 K, the
asymmetric energy dependence of the total transmittance
appearing in the energy range E−EF = [−0.2 eV, 0.2 eV]
contributes to the Seebeck coefficient.
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<latexit sha1_base64="mhgXTUmxv3XMvS5hmE5EnvSwTcQ=">AAAEn3icj VO9bhNBEB6Hg4TwEwcapDQHVlAosNYmCogqAoWfBjkOdoLs6HR33oSV7097Z5NwckHLC1BQgYQQooGGF6DhBSjyCIgySDQUfLs+QMZx4j3d7cw3M9/M7M06kS fihLG93MQx4/iJyamT06dOnzk7k589V4/DjnR5zQ29UG44dsw9EfBaIhKPb0SS277j8XWnfVvZ17tcxiIMHia7Ed/07e1AbAnXTgBZ+bmVqytWM+E7SXqnZ5p Nsy8v8PqVnpUvsCLTyxwWSplQoGxVwtncJ2pSi0JyqUM+cQoogeyRTTGeBpWIUQRsk1JgEpLQdk49mkZsB14cHjbQNr7b0BoZGkBXnLGOdpHFwysRadI8+8re sX32hb1n39ivkVyp5lC17GJ3+rE8smaeX1j7eWSUjz2hx/+iDq05oS26oWsVqD3SiOrC7cd3n77YX7tZnU8vs9fsO+p/xfbYZ3QQdH+4b1Z59eUh9Tjo24bOw Tn65JSfr+3KIwDyRJ+brzsJ8KdS4G26BZ8Uu6V1VeUOvqnGexn/qOgWcIkOu/BrUFn320TnUlcyyNfSeQqYgp6WDrKVx8gZjZE1+jtfNuZkMOuwbZysQp+lkv 7MQQgmpUsgJt3XdhWvJlN5C3jFR7BKPfujWavafiAr7mfp/9s4LNTLxdK1Ynl1sbC8lN3UKZqjS7SAE7lOy3SPKlRDZc/oLX2gj8ZF467xwKj0XSdyWcx5Glj Go9/OYwBA</latexit>
0
<latexit sha1_base64="HbYxLlu0BwO8PMKZ502+cKsBM4c=">AAAEg3icj VPNThNRFD7FQRFRQDcmbBobjIlJczuSaExMiG5kR4sFkkKamekFbjp/uTOt4qQvoFuNC1aasDDufQE3voALHsG4xMSNC797GCC1FHonM/ec75zv/Nw51419la RCHBTGLlnjl69MXJ28NnX9xvTM7M3VJOpoT9a9yI/0uusk0lehrKcq9eV6rKUTuL5cc9vPjH2tK3WiovBFuhvLzcDZDtWW8pwUUFU0Z0qiLHgVB4VKLpQoX8v RbOErbVCLIvKoQwFJCimF7JNDCZ4GVUhQDGyTMmAakmK7pB5NgtuBl4SHA7SN7za0Ro6G0E3MhNkesvh4NZhFmhc/xGdxKL6LL+Kn+Ds0VsYxTC272N0jroyb 029ur/y5kBVgT2nnlHVuzSlt0SOuVaH2mBHThXfE777+cLjyuDaf3RWfxC/U/1EciG/oIOz+9varsrZ3Tj0u+nagS8QcfnLGL2C78QiBvORzC7iTEH8qA96mp /DJsDdZN1W+wjdjvJfHH8ZuAdfosAu/Btnc7wY611xJf7wW5ylhCnosnWWzR8gZj5A1PpkvB3PSn3XQNkpWxWdppOM5iBDJ6BpIkZbYbvhmMo23gldyQVTNsz 88ao3tZ0bF/az8fxsHhVW7XHlQtqsLpcWF/KZO0BzdoXs4kYe0SM9pmeqoTNJbekfvrXHrvmVbue9YIefcor5lPfkH0Lf11A==</latexit>
0
<latexit sha1_base64="HbYxLlu0BwO8PMKZ502+cKsBM4c=">AAAEg3icj VPNThNRFD7FQRFRQDcmbBobjIlJczuSaExMiG5kR4sFkkKamekFbjp/uTOt4qQvoFuNC1aasDDufQE3voALHsG4xMSNC797GCC1FHonM/ec75zv/Nw51419la RCHBTGLlnjl69MXJ28NnX9xvTM7M3VJOpoT9a9yI/0uusk0lehrKcq9eV6rKUTuL5cc9vPjH2tK3WiovBFuhvLzcDZDtWW8pwUUFU0Z0qiLHgVB4VKLpQoX8v RbOErbVCLIvKoQwFJCimF7JNDCZ4GVUhQDGyTMmAakmK7pB5NgtuBl4SHA7SN7za0Ro6G0E3MhNkesvh4NZhFmhc/xGdxKL6LL+Kn+Ds0VsYxTC272N0jroyb 029ur/y5kBVgT2nnlHVuzSlt0SOuVaH2mBHThXfE777+cLjyuDaf3RWfxC/U/1EciG/oIOz+9varsrZ3Tj0u+nagS8QcfnLGL2C78QiBvORzC7iTEH8qA96mp /DJsDdZN1W+wjdjvJfHH8ZuAdfosAu/Btnc7wY611xJf7wW5ylhCnosnWWzR8gZj5A1PpkvB3PSn3XQNkpWxWdppOM5iBDJ6BpIkZbYbvhmMo23gldyQVTNsz 88ao3tZ0bF/az8fxsHhVW7XHlQtqsLpcWF/KZO0BzdoXs4kYe0SM9pmeqoTNJbekfvrXHrvmVbue9YIefcor5lPfkH0Lf11A==</latexit>
0.2
<latexit sha1_base64="FAePfBXSbuiysFApHGxUj+q8MaU=">AAAEhXicj VO9bhNBEB6Hg4TwkwQaJBoLK4gGa31YENEQQQNdYuMkkhNZd+eNWfn+tHd2CCe/ABItKahAokD0vAANL0CRR0CUQaKh4NvxATKOE+/pbme+mW9+9mbd2FdJKs RhYeaMdfbc7Nz5+QsXL11eWFy6spFEPe3Jhhf5kd5ynUT6KpSNVKW+3Iq1dALXl5tu95Gxb/alTlQUPk33Y7kTOJ1Q7SrPSQHVRdluLZZEWfAqjguVXChRvta ipcIn2qY2ReRRjwKSFFIK2SeHEjxNqpCgGNgOZcA0JMV2SQOaB7cHLwkPB2gX3w60Zo6G0E3MhNkesvh4NZhFWhZfxQdxJL6Ij+Kb+DUxVsYxTC372N0hV8at hZfX6j9PZQXYU3r2j3VizSnt0grXqlB7zIjpwhvy+y8Ojur3a8vZTfFOfEf9b8Wh+IwOwv4P7/26rL05oR4XfTvQJWJOPjnjF7DdeIRA9vjcAu4kxJ/KgHfpI Xwy7C3WTZXP8c0YH+TxJ7HbwDU67MOvSTb3u43ONVcyGq/NeUqYggFLx9nsKXLGU2SN/86XgzkZzTpumyar4rM00p85iBDJ6BpIkZ6w3fDNZBpvBa/klKiaZ3 9y1Brbj42K+1n5/zaOCxt2uXKnbK9XS6vV/KbO0XW6QbdwIvdolR7TGjVQWYde0Ws6sGat21bVujt0nSnknKs0sqwHvwGsA/ZI</latexit>
0.2
<latexit sha1_base64="FAePfBXSbuiysFApHGxUj+q8MaU=">AAAEhXicj VO9bhNBEB6Hg4TwkwQaJBoLK4gGa31YENEQQQNdYuMkkhNZd+eNWfn+tHd2CCe/ABItKahAokD0vAANL0CRR0CUQaKh4NvxATKOE+/pbme+mW9+9mbd2FdJKs RhYeaMdfbc7Nz5+QsXL11eWFy6spFEPe3Jhhf5kd5ynUT6KpSNVKW+3Iq1dALXl5tu95Gxb/alTlQUPk33Y7kTOJ1Q7SrPSQHVRdluLZZEWfAqjguVXChRvta ipcIn2qY2ReRRjwKSFFIK2SeHEjxNqpCgGNgOZcA0JMV2SQOaB7cHLwkPB2gX3w60Zo6G0E3MhNkesvh4NZhFWhZfxQdxJL6Ij+Kb+DUxVsYxTC372N0hV8at hZfX6j9PZQXYU3r2j3VizSnt0grXqlB7zIjpwhvy+y8Ojur3a8vZTfFOfEf9b8Wh+IwOwv4P7/26rL05oR4XfTvQJWJOPjnjF7DdeIRA9vjcAu4kxJ/KgHfpI Xwy7C3WTZXP8c0YH+TxJ7HbwDU67MOvSTb3u43ONVcyGq/NeUqYggFLx9nsKXLGU2SN/86XgzkZzTpumyar4rM00p85iBDJ6BpIkZ6w3fDNZBpvBa/klKiaZ3 9y1Brbj42K+1n5/zaOCxt2uXKnbK9XS6vV/KbO0XW6QbdwIvdolR7TGjVQWYde0Ws6sGat21bVujt0nSnknKs0sqwHvwGsA/ZI</latexit>
0.4
<latexit sha1_base64="K9KHIcgF5JH0MRTEYe9B+YK9Oo4=">AAAEhXicj VM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWRDREpIEusXESyYmsu/PGrHwv7Z0dwsl/AIk2KahAokD0/AEa/gBFfgKiDBINBd+OD5BxnHhPdzvzzXzz2Jt1Ik/FiR DHuakL1sVL0zOzc5evXL02v7B4fTMOu9qVdTf0Qr3t2LH0VCDriUo8uR1pafuOJ7eczpqxb/WkjlUYPEsOIrnr2+1A7SnXTgDVRLHSXCiIouCVHxVKmVCgbK2 Hi7lPtEMtCsmlLvkkKaAEskc2xXgaVCJBEbBdSoFpSIrtkvo0B24XXhIeNtAOvm1ojQwNoJuYMbNdZPHwajDztCy+ig/iRHwRH8U38WtsrJRjmFoOsDsDroya 86+Waj/PZfnYE3r+j3VmzQnt0QrXqlB7xIjpwh3wey+PTmoPq8vpbfFOfEf9b8Wx+IwOgt4P9/2GrL45ox4HfdvQJWKOPznj57PdeARA9vncfO4kwJ9KgXfoM XxS7E3WTZUv8E0Z72fxx7FbwDU67MGvQWXudweda65kOF6L8xQwBX2WTrOVJ8gZTZA1+jtfNuZkOOuobZKsis/SSH/mIEQko2sgeXrKdsM3k2m8Fbzic6Jqnv 3xUatsPzUq7mfp/9s4KmyWi6V7xfJGpbBayW7qDN2kW3QHJ/KAVukJrVMdlbXpNR3SkTVt3bUq1v2B61Qu49ygoWU9+g20QfZK</latexit>
0.4
<latexit sha1_base64="K9KHIcgF5JH0MRTEYe9B+YK9Oo4=">AAAEhXicj VM7bxNBEB6Hgzx4JIEmEo2FFUSDtTYWRDREpIEusXESyYmsu/PGrHwv7Z0dwsl/AIk2KahAokD0/AEa/gBFfgKiDBINBd+OD5BxnHhPdzvzzXzz2Jt1Ik/FiR DHuakL1sVL0zOzc5evXL02v7B4fTMOu9qVdTf0Qr3t2LH0VCDriUo8uR1pafuOJ7eczpqxb/WkjlUYPEsOIrnr2+1A7SnXTgDVRLHSXCiIouCVHxVKmVCgbK2 Hi7lPtEMtCsmlLvkkKaAEskc2xXgaVCJBEbBdSoFpSIrtkvo0B24XXhIeNtAOvm1ojQwNoJuYMbNdZPHwajDztCy+ig/iRHwRH8U38WtsrJRjmFoOsDsDroya 86+Waj/PZfnYE3r+j3VmzQnt0QrXqlB7xIjpwh3wey+PTmoPq8vpbfFOfEf9b8Wx+IwOgt4P9/2GrL45ox4HfdvQJWKOPznj57PdeARA9vncfO4kwJ9KgXfoM XxS7E3WTZUv8E0Z72fxx7FbwDU67MGvQWXudweda65kOF6L8xQwBX2WTrOVJ8gZTZA1+jtfNuZkOOuobZKsis/SSH/mIEQko2sgeXrKdsM3k2m8Fbzic6Jqnv 3xUatsPzUq7mfp/9s4KmyWi6V7xfJGpbBayW7qDN2kW3QHJ/KAVukJrVMdlbXpNR3SkTVt3bUq1v2B61Qu49ygoWU9+g20QfZK</latexit>
0.6
<latexit sha1_base64="N64Qv7kczp8w2fS+d0JF5T0iYgU=">AAAEhXicj VM7bxNBEB6Hg4TwyKtBorGwgmiw1sYKKA0RNNAlNk4iOZF1d944K99Le2dDOPkPRKIlBRVIFIieP0DDH6DIT0CUQaKh4NvxATKOE+/pbme+mW8ee7NO5Kk4Ee I4N3XBunhpeuby7JWr167PzS8sbsZhV7uy7oZeqLcdO5aeCmQ9UYkntyMtbd/x5JbTeWzsWz2pYxUGz5KDSO76djtQe8q1E0A1UVxpzhdEUfDKjwqlTChQttb Dhdwn2qEWheRSl3ySFFAC2SObYjwNKpGgCNgupcA0JMV2SX2aBbcLLwkPG2gH3za0RoYG0E3MmNkusnh4NZh5WhZfxQdxIr6Ij+Kb+DU2VsoxTC0H2J0BV0bN ucMbtZ/nsnzsCe3/Y51Zc0J79IBrVag9YsR04Q74vZdHJ7XV6nJ6W7wT31H/W3EsPqODoPfDfb8hq2/OqMdB3zZ0iZjjT874+Ww3HgGQ53xuPncS4E+lwDv0C D4p9ibrpsoX+KaM97P449gt4Bod9uDXoDL3u4PONVcyHK/FeQqYgj5Lp9nKE+SMJsga/Z0vG3MynHXUNklWxWdppD9zECKS0TWQPD1lu+GbyTTeCl7xOVE1z/ 74qFW2nxoV97P0/20cFTbLxdK9YnmjUlirZDd1hm7SLbqDE7lPa/SE1qmOytr0il7TkTVt3bUq1srAdSqXcZZoaFkPfwO8f/ZM</latexit>
0.6
<latexit sha1_base64="N64Qv7kczp8w2fS+d0JF5T0iYgU=">AAAEhXicj VM7bxNBEB6Hg4TwyKtBorGwgmiw1sYKKA0RNNAlNk4iOZF1d944K99Le2dDOPkPRKIlBRVIFIieP0DDH6DIT0CUQaKh4NvxATKOE+/pbme+mW8ee7NO5Kk4Ee I4N3XBunhpeuby7JWr167PzS8sbsZhV7uy7oZeqLcdO5aeCmQ9UYkntyMtbd/x5JbTeWzsWz2pYxUGz5KDSO76djtQe8q1E0A1UVxpzhdEUfDKjwqlTChQttb Dhdwn2qEWheRSl3ySFFAC2SObYjwNKpGgCNgupcA0JMV2SX2aBbcLLwkPG2gH3za0RoYG0E3MmNkusnh4NZh5WhZfxQdxIr6Ij+Kb+DU2VsoxTC0H2J0BV0bN ucMbtZ/nsnzsCe3/Y51Zc0J79IBrVag9YsR04Q74vZdHJ7XV6nJ6W7wT31H/W3EsPqODoPfDfb8hq2/OqMdB3zZ0iZjjT874+Ww3HgGQ53xuPncS4E+lwDv0C D4p9ibrpsoX+KaM97P449gt4Bod9uDXoDL3u4PONVcyHK/FeQqYgj5Lp9nKE+SMJsga/Z0vG3MynHXUNklWxWdppD9zECKS0TWQPD1lu+GbyTTeCl7xOVE1z/ 74qFW2nxoV97P0/20cFTbLxdK9YnmjUlirZDd1hm7SLbqDE7lPa/SE1qmOytr0il7TkTVt3bUq1srAdSqXcZZoaFkPfwO8f/ZM</latexit>
0.8
<latexit sha1_base64="9usH0ZAOe0QO4g7D48g0x+YHWME=">AAAEhXicj VO9bhNBEB6Hg4Twk4Q0SDQWVhAN1tpYENEkgga6xMZJJCey7s4bZ+X7097ZkJz8ApFoSUEFEgWi5wVoeAGKPAKiDBINBd+OD5BxnHhPdzvzzXzzszfrRJ6KEy GOc1MXrIuXpmcuz165eu363PzCjY047GpX1t3QC/WWY8fSU4GsJyrx5Fakpe07ntx0Ok+MfbMndazC4HmyH8kd324Hale5dgKoJorLzfmCKApe+VGhlAkFytZ auJD7RNvUopBc6pJPkgJKIHtkU4ynQSUSFAHboRSYhqTYLqlPs+B24SXhYQPt4NuG1sjQALqJGTPbRRYPrwYzT0viq/ggTsQX8VF8E7/Gxko5hqllH7sz4Mqo OXd4s/bzXJaPPaG9f6wza05ol5a5VoXaI0ZMF+6A3zs4Oqk9qi6ld8Q78R31vxXH4jM6CHo/3PfrsvrmjHoc9G1Dl4g5/uSMn8924xEAecHn5nMnAf5UCrxDj +GTYm+ybqp8iW/KeD+LP47dAq7RYQ9+DSpzv9voXHMlw/FanKeAKeizdJqtPEHOaIKs0d/5sjEnw1lHbZNkVXyWRvozByEiGV0DydMzthu+mUzjreAVnxNV8+ yPj1pl+6lRcT9L/9/GUWGjXCzdL5bXK4XVSnZTZ+gW3aa7OJGHtEpPaY3qqKxNr+g1HVnT1j2rYj0YuE7lMs4iDS1r5TfEvfZO</latexit>
0.8
<latexit sha1_base64="9usH0ZAOe0QO4g7D48g0x+YHWME=">AAAEhXicj VO9bhNBEB6Hg4Twk4Q0SDQWVhAN1tpYENEkgga6xMZJJCey7s4bZ+X7097ZkJz8ApFoSUEFEgWi5wVoeAGKPAKiDBINBd+OD5BxnHhPdzvzzXzzszfrRJ6KEy GOc1MXrIuXpmcuz165eu363PzCjY047GpX1t3QC/WWY8fSU4GsJyrx5Fakpe07ntx0Ok+MfbMndazC4HmyH8kd324Hale5dgKoJorLzfmCKApe+VGhlAkFytZ auJD7RNvUopBc6pJPkgJKIHtkU4ynQSUSFAHboRSYhqTYLqlPs+B24SXhYQPt4NuG1sjQALqJGTPbRRYPrwYzT0viq/ggTsQX8VF8E7/Gxko5hqllH7sz4Mqo OXd4s/bzXJaPPaG9f6wza05ol5a5VoXaI0ZMF+6A3zs4Oqk9qi6ld8Q78R31vxXH4jM6CHo/3PfrsvrmjHoc9G1Dl4g5/uSMn8924xEAecHn5nMnAf5UCrxDj +GTYm+ybqp8iW/KeD+LP47dAq7RYQ9+DSpzv9voXHMlw/FanKeAKeizdJqtPEHOaIKs0d/5sjEnw1lHbZNkVXyWRvozByEiGV0DydMzthu+mUzjreAVnxNV8+ yPj1pl+6lRcT9L/9/GUWGjXCzdL5bXK4XVSnZTZ+gW3aa7OJGHtEpPaY3qqKxNr+g1HVnT1j2rYj0YuE7lMs4iDS1r5TfEvfZO</latexit>
1.0
<latexit sha1_base64="bmHN8J0I2oFuUswZcWQ8tToM9UA=">AAAEhXicj VO9bhNBEB6Hg4TwkwQaJBoLK4gGa89YENEQQQNdYuMkkhNZd+eNWfn+tHd2CCe/ABItKahAokD0vAANL0CRR0CUQaKh4NvxATKOE+/pbme+mW9+9mbd2FdJKs RhYeaMdfbc7Nz5+QsXL11eWFy6spFEPe3Jhhf5kd5ynUT6KpSNVKW+3Iq1dALXl5tu95Gxb/alTlQUPk33Y7kTOJ1Q7SrPSQHV7bJoLZZEWfAqjgt2LpQoX2v RUuETbVObIvKoRwFJCimF7JNDCZ4m2SQoBrZDGTANSbFd0oDmwe3BS8LDAdrFtwOtmaMhdBMzYbaHLD5eDWaRlsVX8UEciS/io/gmfk2MlXEMU8s+dnfIlXFr 4eW1+s9TWQH2lJ79Y51Yc0q7tMK1KtQeM2K68Ib8/ouDo/r92nJ2U7wT31H/W3EoPqODsP/De78ua29OqMdF3w50iZiTT874BWw3HiGQPT63gDsJ8acy4F16C J8Me4t1U+VzfDPGB3n8Sew2cI0O+/BrUoX73UbnmisZjdfmPCVMwYCl42yVKXLGU2SN/86XgzkZzTpumyar4rM00p85iBDJ6BpIkZ6w3fDNZBpvBa/klKiaZ3 9y1Brbj42K+2n/fxvHhY1K2b5TrqxXS6vV/KbO0XW6QbdwIvdolR7TGjVQWYde0Ws6sGat21bVujt0nSnknKs0sqwHvwGn5vZH</latexit>
1.0
<latexit sha1_base64="bmHN8J0I2oFuUswZcWQ8tToM9UA=">AAAEhXicj VO9bhNBEB6Hg4TwkwQaJBoLK4gGa89YENEQQQNdYuMkkhNZd+eNWfn+tHd2CCe/ABItKahAokD0vAANL0CRR0CUQaKh4NvxATKOE+/pbme+mW9+9mbd2FdJKs RhYeaMdfbc7Nz5+QsXL11eWFy6spFEPe3Jhhf5kd5ynUT6KpSNVKW+3Iq1dALXl5tu95Gxb/alTlQUPk33Y7kTOJ1Q7SrPSQHV7bJoLZZEWfAqjgt2LpQoX2v RUuETbVObIvKoRwFJCimF7JNDCZ4m2SQoBrZDGTANSbFd0oDmwe3BS8LDAdrFtwOtmaMhdBMzYbaHLD5eDWaRlsVX8UEciS/io/gmfk2MlXEMU8s+dnfIlXFr 4eW1+s9TWQH2lJ79Y51Yc0q7tMK1KtQeM2K68Ib8/ouDo/r92nJ2U7wT31H/W3EoPqODsP/De78ua29OqMdF3w50iZiTT874BWw3HiGQPT63gDsJ8acy4F16C J8Me4t1U+VzfDPGB3n8Sew2cI0O+/BrUoX73UbnmisZjdfmPCVMwYCl42yVKXLGU2SN/86XgzkZzTpumyar4rM00p85iBDJ6BpIkZ6w3fDNZBpvBa/klKiaZ3 9y1Brbj42K+2n/fxvHhY1K2b5TrqxXS6vV/KbO0XW6QbdwIvdolR7TGjVQWYde0Ws6sGat21bVujt0nSnknKs0sqwHvwGn5vZH</latexit>
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<latexit sha1_base64="cHa0Or9Eea3clPTpMvCNQncImtE="></latexit>
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<latexit sha1_base64="4HWPhk374oSLXxLdxSHush2yzX8="></latexit>
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<latexit sha1_base64="cHa0Or9Eea3clPTpMvCNQncImtE="></latexit>
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<latexit sha1_base64="4HWPhk374oSLXxLdxSHush2yzX8="></latexit>
(a)
<latexit sha1_base64="fwqIQTAoGU7xDBHfgOEAQrbtD3E=">AAAEjHicj VPNahNRFD6po9aq/XMjuAmGSt2Em7RoqwhFQXTXpqYtJiXMTG7rkPnjzk1sHfICrgUXoqDgQtz7Am58ARd9BHFZwY0Lv3syVkKaNneYued853zn5865Tux7iR biIDd2xjp77vz4hYmLly5PTk3PzG4kUVu5supGfqS2HDuRvhfKqva0L7diJe3A8eWm03pg7JsdqRIvCp/o/VhuB/Zu6O14rq0BPa1ruafTeftmtzFdEEXBKz8 olDKhQNlajWZyX6hOTYrIpTYFJCkkDdknmxI8NSqRoBjYNqXAFCSP7ZK6NAFuG14SHjbQFr670GoZGkI3MRNmu8ji41Vg5mlOfBefxKH4Jj6LH+LP0FgpxzC1 7GN3elwZN6ZeXl3/fSorwK7p2X/WiTVr2qElrtVD7TEjpgu3x++8eH24fqcyl94QH8RP1P9eHIiv6CDs/HI/rsnKmxPqcdC3DV0i5vCTM34B241HCOQ5n1vAn YT4UynwFt2HT4q9wbqpcg/flPFuFn8YuwlcocMO/GpU5n7r6FxxJf3xmpyngCnosnScrTxCzniErPHRfNmYk/6sg7ZRsnp8lkb6NwcRIhldAcnTY7YbvplM4+ 3BKzklquLZHx61wvZjo/L9XDbr1tFtHBQ2ysXSQnFhbbGwspzd1HG6RtdpHidym1boEa1SFZWF9Ire0jtr0lq07lr3eq5juYxzhfqW9fAvPDf6AQ==</latex it>
(b)
<latexit sha1_base64="mSPsftCHvNvkE/CAcRa98e9MriM=">AAAEjHicj VPNahNRFD6po9aq/XMjuAmGSt2Em7RoqwhFQXTXpqYtJiXMTG7rkPnjzk1sHfICrgUXoqDgQtz7Am58ARd9BHFZwY0Lv3syVkKaNneYued853zn5865Tux7iR biIDd2xjp77vz4hYmLly5PTk3PzG4kUVu5supGfqS2HDuRvhfKqva0L7diJe3A8eWm03pg7JsdqRIvCp/o/VhuB/Zu6O14rq0BPa1ruafTeedmtzFdEEXBKz8 olDKhQNlajWZyX6hOTYrIpTYFJCkkDdknmxI8NSqRoBjYNqXAFCSP7ZK6NAFuG14SHjbQFr670GoZGkI3MRNmu8ji41Vg5mlOfBefxKH4Jj6LH+LP0FgpxzC1 7GN3elwZN6ZeXl3/fSorwK7p2X/WiTVr2qElrtVD7TEjpgu3x++8eH24fqcyl94QH8RP1P9eHIiv6CDs/HI/rsnKmxPqcdC3DV0i5vCTM34B241HCOQ5n1vAn YT4UynwFt2HT4q9wbqpcg/flPFuFn8YuwlcocMO/GpU5n7r6FxxJf3xmpyngCnosnScrTxCzniErPHRfNmYk/6sg7ZRsnp8lkb6NwcRIhldAcnTY7YbvplM4+ 3BKzklquLZHx61wvZjo/L9XDbr1tFtHBQ2ysXSQnFhbbGwspzd1HG6RtdpHidym1boEa1SFZWF9Ire0jtr0lq07lr3eq5juYxzhfqW9fAvQFj6Ag==</latex it>
(a = aFe = 2.866 A˚)
<latexit sha1_base64="WD2bDYn3bPv50ntUb5MpqGI2G/s=">AAAEp3icj VO9bhNBEB6HA0L4SQINEs0JKyhprLUDJiBFSkBCUJE42LFkR9beeRNOvj/drU3C6R4AXoCCCiQKREGHoKbhBSjyCIgySDQUfLs+gizHifd0tzPfzDc/e7NW6D qxZGw/N3HKOH3m7OS5qfMXLl6anpm9XIuDbmSLqh24QVS3eCxcxxdV6UhX1MNIcM9yxabVua/smz0RxU7gP5F7odjy+I7vbDs2l4BaM/l5vsxbTSl2ZfJApMt mqbBULptNsw81V1fTBXixAtPLHBaKmZCnbK0Fs7lP1KQ2BWRTlzwS5JOE7BKnGE+DisQoBLZFCbAIkqPtglKaArcLLwEPDrSD7w60Rob60FXMWLNtZHHxRmCa NMe+s/fsgH1jH9gP9mdkrETHULXsYbf6XBG2pl9e3fh9IsvDLunpf9axNUvapiVdq4PaQ42oLuw+v/f81cHG3cpccoO9ZT9R/xu2z76iA7/3y363Liqvj6nHQ t8cukDM0Sen/DxtVx4+kGf63DzdiY8/lQDv0D34JNhbWldV7uKbaDzN4o9it4FH6LAHvwaVdL9NdB7pSgbjtXWePKYg1dJRttIYOcMxsoaH88UxJ4NZh23jZH X0WSrp3xwEiKT0CIhJj7Rd8dVkKm8HXvEJUSM9+6OjVrT9yKj6ft5Rq3x4G4eFWqlQXCwsrt/Mr9zKbuokXaPrNI8TuU0r9JDWqIrKXtBH+kxfjAXjsVEz6n3 XiVzGuUIDy+B/AfTTAtM=</latexit>
compressive distortion
<latexit sha1_base64="GCuobsCUHR3+yFs4XMU0sUDp9ps=">AAAEoXicj VO9bhNBEB6HA0L4iQMNEkKyOAVRWWsHSKCKoCGd4+Akkh1Zd+dNsvL9aW99JJxc0fECFFQgUUR0IPECNLwARR4BUQaJhoJv10eQ5Tjxnu525pv55mdv1o19kS jGDgtT56zzFy5OX5q5fOXqtdni3PX1JOpJjze8yI/kpusk3BchbyihfL4ZS+4Ers833O5Tbd9IuUxEFD5X+zHfCpydUGwLz1GA2sXbLcX3VOZFAWhJIlJe6iB rJLW53y7arMzMKo0KlVywKV+1aK7whVrUoYg86lFAnEJSkH1yKMHTpAoxioFtUQZMQhLGzqlPM+D24MXh4QDt4rsDrZmjIXQdMzFsD1l8vBLMEs2z7+yAHbFv 7CP7wf6MjZWZGLqWfezugMvj9uzrm2u/z2QF2BXt/medWrOibVoytQrUHhtEd+EN+OnLN0drj+vz2V32nv1E/e/YIfuKDsL0l/dhldffnlKPi74d6Bwxx5+c9 guMXXuEQF6YcwtMJyH+VAa8S0/gk2FvG11XuYdvZvB+Hn8cuwNcosMUfk2qmn5b6FyaSobjdUweG1PQN9JJtuoEOeMJssbH8+VgToazjtomySrMWWrp3xxEiK R1CaREK8au+XoytbeAV3JGVGlmf3zUurGfGNXcz0d6PTy+jaPCerVcWSgvrN63lx/kN3WabtEduocTWaRlekY1aqCyV3RAn+izZVsrVs2qD1ynCjnnBg0tq/k XSmwDaA==</latexit>
(a = aMgO/
p
2 = 2.978 A˚)
<latexit sha1_base64="szCPSMzn8gbLjCDILLaYOyJbhVI=">AAAEsXicj VM7bxNBEB6HA0J4xIEGieaEFRQKnPWZvJAiJdBAgUgcnAT5IrN33piV78Xe2iSc7g/QUlBQgUSB6JFoScMfoMhPQJRBoqFgdn0EWY4T7+luZ76Zbx57s07k8V gSsp8bOWWcPnN29NzY+QsXL43nJy6vx2FbuKzqhl4oNh0aM48HrCq59NhmJBj1HY9tOK17yr7RYSLmYfBY7kZsy6fNgG9zl0qE6vlbU3SR1m3JdmTysPkonbb j50ImVrpoWsWFuXnTNrtGe3k5vVnPF0iR6GX2C6VMKEC2VsKJ3GewoQEhuNAGHxgEIFH2gEKMTw1KQCBCbAsSxARKXNsZpDCG3DZ6MfSgiLbw20StlqEB6ipm rNkuZvHwFcg0YZJ8Jx/JAflGPpEf5M/AWImOoWrZxd3pcllUH391de33iSwfdwnP/rOOrVnCNszrWjnWHmlEdeF2+Z2Xbw7W7lQmkxvkPfmJ9b8j+2QPOwg6v 9wPq6zy9ph6HOybos4w5uCTU36+tiuPAJEX+tx83UmAfypBvAV30SfBva51VeUOfhONp1n8QewG4gI77KBfDSzdr42dC11Jb7yGzlPAKUi1dJTNGiJnNETW6H C+KM5Jb9Z+2zBZuT5LJf2bgxAjKV0gYsIDbVd8NZnKm6NXfEJUoWd/cNSKth8ZVd/PBbVmD29jv7BuFUvlYnn1dmFpJrupo3ANrsMUnsgcLMF9WIEqVvYavsB X2DPKxhPjqeF0XUdyGecK9Cyj9Rf+iAcS</latexit>
extensive distortion
<latexit sha1_base64="q0wOx9Ja1CaF0Nh+Ra2WgkKK+KM=">AAAEn3icj VM7bxNBEB6HA0J4xIEGKY3BCqKy1g7vKoICaJDj4CTIjqy78yasfC/tnU3CyQUtf4CCCiSEEA00/AEa/gBFfgKiDBINBd+OjyDLceI93e3MN/PNY2/WiTwVJ0 Ls5qaOWcdPnJw+NXP6zNlzs/m586tx2NWurLuhF+p1x46lpwJZT1TiyfVIS9t3PLnmdO4Z+1pP6liFweNkJ5Ibvr0VqE3l2gmgVn6+mcjtJMUrg1j1ZKGNnKE 2xn4rXxQlwaswKpQzoUjZqoZzuS/UpDaF5FKXfJIUUALZI5tiPA0qk6AI2AalwDQkxXZJfZoBtwsvCQ8baAffLWiNDA2gm5gxs11k8fBqMAu0IL6LD2JPfBMf xQ/xZ2yslGOYWnawOwOujFqzLy+u/D6S5WNP6Ol/1qE1J7RJt7hWhdojRkwX7oDfe/5qb+VObSG9It6Kn6j/jdgVX9FB0PvlvluWtdeH1OOgbxu6RMzxJ2f8f LYbjwDIMz43nzsJ8KdS4B26C58Ue4t1U+U2vinj/Sz+OHYbuEaHPfg1qML9NtG55kqG47U5TxFT0GfpIFtlgpzRBFmj/fmyMSfDWUdtk2RVfJZG+jcHISIZXQ Mp0EO2G76ZTOOt4BUfEVXz7I+PWmP7gVH5ft4268b+bRwVViul8mJpcflacel6dlOnaZ4u01WcyE1aogdUpToqe0Hv6RN9ti5Z961HVnXgOpXLOBdoaFlP/gJ 1tgJ/</latexit>
FIG. 5. The DOS of the minority-spin d states of the interface
Fe atoms as a function of energy relative to the Fermi energy
E − EF for (a) the compressive (a = aFe = 2.866 A˚) and (b)
the extensive (a = aMgO/
√
2 = 2.978 A˚) distortions.
We first consider the enhancement of the Seebeck coef-
ficient for the compressive distortion for n = 4 and 5 and
the relatively small Seebeck coefficients for the other n in
Fig. 2. Figure 4(a) shows the total transmittance for the
compressive distortion as a function of energy relative to
the Fermi energy. For n = 4 and 5, the strong enhance-
ment appears in the total transmittance in the energy
range E−EF = [−0.05 eV, 0.14 eV]. This makes the en-
ergy dependence of the transmittance asymmetric, thus
leading to the enhancement in the Seebeck coefficient for
the compressive distortion for n = 4 and 5 via the in-
crease in L1. The enhancement in the total transmit-
tance comes from the transmittance in the minority-spin
channel shown in Fig. 4(c), which is due to the interface
resonant tunneling between the left and right interfaces.
Figure 5(a) shows the DOSs in the minority-spin d states
at the interface Fe atoms as a function of energy relative
to the Fermi energy for the compressive distortion. We
find the peak of DOS of dyz(zx) and dx2−y2 states cen-
tered around E−EF = 0.1 eV, which mainly contributes
to the interface resonant tunneling.
For the other numbers of MgO layers (n = 3, n ≥ 6),
the enhancement in the total transmittance due to the
interface resonant tunneling is not so clear as that for
n = 4 and 5, thus resulting in small Seebeck coefficients.
For n ≥ 6, we can not see a clear enhancement in the to-
tal transmittance as shown in Fig. 4(a) because the wave
function of the interface resonant states in the minority-
spin state shows the fast decay in the MgO barrier as
compared with that of the majority-spin ∆1 evanescent
state. For n = 3, the enhancement due to the interface
resonant tunneling in the total transmittance appears but
it is smaller around the Fermi energy than that for n = 4
and 5, leading to a smaller value of the Seebeck coefficient
than these cases. The reason why the interface resonant
5Fe
<latexit sha1_base64="RnUSv527iKSV7Jq2G3lXP0fvxxc=">AAAEi3icjVO 9bhNBEB6HA0IgJIEGicbCCqKy1g4SyKKIgoKgSxycBNmRdXfeJCvfn+7WJsnJL5CWggIoQKJA9LwADS9AkUdAlEGioeDb8QEyjhPv6W5nvplvfvZmnchTiRbiKDdx zjp/4eLkpanLV6avzszOXVtPwk7sypobemG86diJ9FQga1ppT25GsbR9x5MbTvuhsW90ZZyoMHiq9yO55ds7gdpWrq0BPWtouafTR7LXnC2IouCVHxZKmVCgbK2Ec 7lP1KAWheRSh3ySFJCG7JFNCZ46lUhQBGyLUmAxJMV2ST2aArcDLwkPG2gb3x1o9QwNoJuYCbNdZPHwxmDmaV58FR/EsfgiPopv4tfIWCnHMLXsY3f6XBk1Zw5vrP 08k+Vj17T7j3VqzZq26T7XqlB7xIjpwu3zuwcvj9cq1fn0tngnvqP+t+JIfEYHQfeH+35VVl+dUo+Dvm3oEjFHn5zx89luPAIgz/ncfO4kwJ9KgbdpCT4p9ibrpso 9fFPGe1n8UewW8BgdduFXpzL320DnMVcyGK/FeQqYgh5LJ9nKY+SMxsga/Z0vG3MymHXYNk5WxWdppD9zECKS0WMgeXrCdsM3k2m8FbySM6LGPPujo1bZfmJU3M/S /7dxWFgvF0sLxfLq3cJiJbupk3STbtEdnMg9WqTHtEI1VObTC3pNb6xpa8GqWA/6rhO5jHOdBpa1/Bvdhfm+</latexit>
Mg
<latexit sha1_base64="+nC1cwuoP5iI9C8zXalWwILv9Rg=">AAAEi3icjVO 9bhNBEB6HA0IgJIEGicbCCqKy1g4SyKKIQEhQICUOToLsyLo7b5yV7093a5Nw8gvQUlAABUgUiJ4XoOEFKPIIiDJIaVLw7fgAGceJ93S3M9/MNz97s07kqUQLsZ+b OmOdPXd++sLMxUuzl+fmF66sJ2E3dmXNDb0w3nTsRHoqkDWttCc3o1javuPJDafzwNg3ejJOVBg81XuR3PLtdqC2lWtrQM8aWu7q9Em735wviKLglR8VSplQoGyth Au5L9SgFoXkUpd8khSQhuyRTQmeOpVIUARsi1JgMSTFdkl9mgG3Cy8JDxtoB982tHqGBtBNzITZLrJ4eGMw87QovotP4kB8E5/FD3E0NlbKMUwte9idAVdGzbmX19 YOT2X52DXt/GOdWLOmbbrLtSrUHjFiunAH/N6L1wdrlepielN8ED9R/3uxL76ig6D3y/24KqtvTqjHQd82dImY40/O+PlsNx4BkOd8bj53EuBPpcA7dB8+KfYm66b KXXxTxvtZ/HHsFvAYHfbgV6cy99tA5zFXMhyvxXkKmII+S8fZyhPkjCbIGv2dLxtzMpx11DZJVsVnaaQ/cxAiktFjIHl6zHbDN5NpvBW8klOixjz746NW2X5sVNzP 0v+3cVRYLxdLS8Xy6u3CciW7qdN0nW7QLZzIHVqmR7RCNVTm0yt6S++sWWvJqlj3Bq5TuYxzlYaW9fA3Arv5xw==</latexit>
O
<latexit sha1_base64="YHc8I6VBV8YftF+Ib9tAQhLkYPs=">AAAEinicjVO 9bhNBEB6Hg4QQSAINEo2FFURlrQ8kQmgioICKxMGJJTuy7s6bsPL96W5tEk5+AUoaitCARIHoeQEaXoAij4Aog0RDwbfjA2QcJ97T3c58M9/87M26sa9SLcRhYeqM dfbc9Mz52QtzFy/NLyxe3kyjbuLJmhf5UVJ3nVT6KpQ1rbQv63EincD15ZbbeWDsWz2ZpCoKn+r9WG4Hzm6odpTnaED1ppZ7OnvSby2URFnwKo4KlVwoUb7WosXCJ 2pSmyLyqEsBSQpJQ/bJoRRPgyokKAa2TRmwBJJiu6Q+zYLbhZeEhwO0g+8utEaOhtBNzJTZHrL4eBMwi7QkvooP4kh8ER/FN/FrbKyMY5ha9rG7A66MW/Mvr278PJ UVYNf07B/rxJo17dAy16pQe8yI6cIb8HsvXh9trFSXshvinfiO+t+KQ/EZHYS9H977dVk9OKEeF3070CVijj854xew3XiEQJ7zuQXcSYg/lQHv0H34ZNhbrJsq9/D NGO/n8cex28ATdNiDX4Ns7reJzhOuZDhem/OUMAV9lo6z2RPkjCfIGv+dLwdzMpx11DZJVsVnaaQ/cxAhktETIEV6zHbDN5NpvBW80lOiJjz746NW2X5sVNzPyv+3 cVTYtMuVW2V7/XZpdSW/qTN0ja7TTZzIHVqlR7RGNb6Fr+iA3lhzlm3dte4NXKcKOecKDS3r4W83h/lY</latexit>
d ; 2.2 A˚
<latexit sha1_ba se64="RyI/tINfpX3+ANO7309Td1Gb7 Cs=">AAAEpHicjVO9bhNBEB6Hg4TwEwc aJJoTViIqa30ggqgSaECiSGycRPIF6+ 68NiffH3trk3ByS8ELUFCBRIGgJS9Aw wtQ5BEQZZBoKPh2fYCM48R7utuZb+ab n71ZNwn8VDJ2UJg5ZZw+Mzt3dv7c+Qs XF4qLlzbTuCc8XvfiIBbbrpPywI94Xfo y4NuJ4E7oBnzL7d5T9q0+F6kfR4/kXs J3QqcT+W3fcySgZtFsmXbbCUDvtGKZ8 qemVbZMW/JdmZn22tqgWSyxMtPLHBcq uVCifK3Hi4V9sqlFMXnUo5A4RSQhB+RQ iqdBFWKUANuhDJiA5Gs7pwHNg9uDF4e HA7SLbwdaI0cj6CpmqtkesgR4BZgmLb Gv7D07ZF/YB/aN/ZoYK9MxVC172N0hl yfNhZdXaj9PZIXYJT35xzq2Zkltuq1r9 VF7ohHVhTfk95+/OqzdqS5ly+wt+476 37AD9hkdRP0f3rsNXn19TD0u+nagc8S cfHLKL9R25REBeabPLdSdRPhTGfAu3Y VPhr2pdVXlLr6Zxgd5/EnsFnCBDvvwa 5Cl+7XRudCVjMZr6TwlTMFAS0fZrClyJ lNkTf7Ol4M5Gc06bpsmq6/PUkl/5iBG JKULICY90HbFV5OpvH14pSdEFXr2J0e tavuRUXE/K//fxnFh0ypXbpStjZul1V v5TZ2jq3SNruNEVmiV7tM61VHZC/pIn2 jfWDYeGjWjPnSdKeScyzSyjMe/AYn5A lI=</latexit>
d ; 2.1 A˚
<latexit sha1_base64="0dnGo8tb0s Osk18QyQmcSGs4QlE=">AAAEpHicjVO7bhNBFL0OCwnhEQcaJJoVViIqa2wQQV QJNCBRJDZOInmDtY+xGXlf7I5NwsotBT9AQQUSBYKW/AANP0CRT0CUQaKh4Mx4A RnHiWe1O/eee899zN5xYl+kkrGDwswp4/SZ2bmz8+fOX7i4UFy8tJlGvcTlDTf yo2TbsVPui5A3pJA+344TbgeOz7ec7j1l3+rzJBVR+EjuxXwnsDuhaAvXloBaRd Mzrbbtg97xIpnyp2a1XDEtyXdlZlpra4NWscTKTC9zXKjkQonytR4tFvbJIo8i cqlHAXEKSUL2yaYUT5MqxCgGtkMZsASS0HZOA5oHtwcvDg8baBffDrRmjobQVc xUs11k8fEmYJq0xL6y9+yQfWEf2Df2a2KsTMdQtexhd4ZcHrcWXl6p/zyRFWCX9 OQf69iaJbXptq5VoPZYI6oLd8jvP391WL9TW8qW2Vv2HfW/YQfsMzoI+z/cdxu 89vqYehz0bUPniDn55JRfoO3KIwTyTJ9boDsJ8acy4F26C58Me0vrqspdfDOND/ L4k9ge8AQd9uHXpKru10Lnia5kNJ6n85QwBQMtHWWrTpEzniJr/He+bMzJaNZx 2zRZhT5LJf2ZgwiRlJ4AMemBtiu+mkzlLeCVnhA10bM/OWpN24+MivtZ+f82jgu buNU3ytWNm6XVW/lNnaOrdI2u40RWaJXu0zo1UNkL+kifaN9YNh4adaMxdJ0p5 JzLNLKMx78Bhc4CUQ==</latexit>
(a)
<latex it sha1_ba se64="xnfh +5qGJ9JHS1 LKzF2ZJJxr QKY=">AAAE jHicjVNPax NBFH+pq9aq /aMXwUswtN RLmMSAogil guitTU1bTEq Y3UzrkP3H7 CS2XfIFPAs eREHBg3j3C 3jxC3joRxC PFbx46G8mq xLTtJlld97 7vfd7f2bfu LEvE83YQW7 ijHP23PnJC1 MXL12enpmd u7KeRB3liZ oX+ZHadHki fBmKmpbaF5 uxEjxwfbHh th8Y+0ZXqE RG4RO9F4ut gO+Eclt6XA N62tBiV6eL /GavOVtgRWZ XflgoZUKBs rUSzeU+U4N aFJFHHQpIU Egask+cEjx 1KhGjGNgWp cAUJGntgno 0BW4HXgIeH Ggb3x1o9Qw NoZuYiWV7y OLjVWDmaZ59 Yx/ZIfvKPr Hv7PfIWKmN YWrZw+72uS Juzry4tvbr VFaAXdOzf6 wTa9a0TXds rRK1xxYxXX h9fnf/1eHa 3ep8usDesx+ o/x07YF/QQ dj96X1YFdX XJ9Tjom8OX SDm6JMzfoG 1G48QyHN7b oHtJMSfSoG 3aRk+Kfam1 U2Vu/imFu9 l8UexW8AVO uzCr05l228D nStbyWC8ls 1TwBT0rHSc rTxGzniMrP Hf+eKYk8Gs w7Zxskp7lk b6MwcRIhld AcnTY2s3fD OZxlvCKzkl qrKzPzpq1d qPjYr7Wfr/N g4L6+Vi6Va xvFopLFWym zpJ1+kGLeJ EbtMSPaIVq qGykF7SG3r rTDsV555zv +86kcs4V2l gOQ+PACM8+ ck=</latexi t>
E
<latexit sha1_base64="kSESyxwBJL vA2QacqhFPbV+VVd0=">AAAEg3icjVPNahNRFD5pp1pbtT9uCm6CoSII4WYsKI JQlILumtS0hbSEmcltvWT+uDOJ1iEvoFvFhSsFF+LeF3DjC7joI4jLFty48LunY 0tM0+YOM/ec75zv/Nw51419laRC7BfGxq2JCxcnL01NX75ydWZ2bn49iTrak3U v8iO96TqJ9FUo66lKfbkZa+kEri833PYjY9/oSp2oKHya7sVyO3B2Q7WjPCcFVF 1pzpZEWfAqDgqVXChRvlajucJX2qIWReRRhwKSFFIK2SeHEjwNqpCgGNg2ZcA0 JMV2ST2aArcDLwkPB2gb311ojRwNoZuYCbM9ZPHxajCLtCh+iM/iQHwXX8RP8W dorIxjmFr2sLtHXBk3Z14trP0+lxVgT+nZCevMmlPaoXtcq0LtMSOmC++I33357 mDtfm0xuyk+il+o/4PYF9/QQdg99D5VZe39GfW46NuBLhFz+MkZv4DtxiME8pz PLeBOQvypDHibHsInw95k3VT5At+M8V4efxi7BVyjwy78GmRzv1voXHMl/fFanK eEKeixdJrNHiFnPELW+Hi+HMxJf9ZB2yhZFZ+lkf7NQYRIRtdAivSE7YZvJtN4 K3gl50TVPPvDo9bYfmpU3M/K/7dxUFi3y5U7Zbu6VFpeym/qJF2nG3QLJ3KXluk xrVIdlUl6TW/orTVh3bZsK/cdK+Sca9S3rAd/ASdR9ek=</latexit>
(b)
<latex it sha1_ba se64="jbxR 3zDCqZAvdD V7FefSlH8d ets=">AAAE jHicjVNPax NBFH+pq9aq /aMXwUswtNR LmMSAogilg uitTU1bTEr Y3UzrkN3ZZ XYS2y75Ap4 FD6Kg4EG8+ wW8+AU89CO IxwpePPQ3k 1WJadrMsjvv /d77vT+zb7 w4EIlm7CA3 ccY5e+785I Wpi5cuT8/M zl1ZT6KO8n nNj4JIbXpu wgMheU0LHfD NWHE39AK+4 bUfGPtGl6t ERPKJ3ov5V ujuSLEtfFc DetrQfFeni 97NXnO2wIr MrvywUMqEA mVrJZrLfaYG tSginzoUEi dJGnJALiV4 6lQiRjGwLU qBKUjC2jn1 aArcDrw4PF ygbXx3oNUz VEI3MRPL9p ElwKvAzNM8+ 8Y+skP2lX1 i39nvkbFSG 8PUsofd63N 53Jx5cW3t1 6msELumZ/9 YJ9asaZvu2 FoFao8tYrr w+/zu/qvDtb vV+XSBvWc/ UP87dsC+oA PZ/el/WOXV 1yfU46FvFz pHzNEnZ/xC azceEshze2 6h7UTiT6XA2 7QMnxR70+q myl18U4v3s vij2C3gCh1 24Vensu23g c6VrWQwXsv mKWAKelY6z lYeI2c8Rtb 473y5mJPBrM O2cbIKe5ZG +jMHESIZXQ HJ02NrN3wz mcZbwCs5Ja qysz86atXa j42K+1n6/z YOC+vlYulW sbxaKSxVsps 6SdfpBi3iR G7TEj2iFaq hMkkv6Q29d aadinPPud9 3nchlnKs0s JyHRydd+co =</latexit >
E
<latexit sha1_ba se64="kSESyxwBJLvA2QacqhFPbV+VV d0=">AAAEg3icjVPNahNRFD5pp1pbtT9 uCm6CoSII4WYsKIJQlILumtS0hbSEmc ltvWT+uDOJ1iEvoFvFhSsFF+LeF3DjC 7joI4jLFty48LunY0tM0+YOM/ec75zv /Nw51419laRC7BfGxq2JCxcnL01NX75 ydWZ2bn49iTrak3Uv8iO96TqJ9FUo66l KfbkZa+kEri833PYjY9/oSp2oKHya7s VyO3B2Q7WjPCcFVF1pzpZEWfAqDgqVX ChRvlajucJX2qIWReRRhwKSFFIK2SeH EjwNqpCgGNg2ZcA0JMV2ST2aArcDLwkP B2gb311ojRwNoZuYCbM9ZPHxajCLtCh +iM/iQHwXX8RP8WdorIxjmFr2sLtHXB k3Z14trP0+lxVgT+nZCevMmlPaoXtcq 0LtMSOmC++I33357mDtfm0xuyk+il+o/ 4PYF9/QQdg99D5VZe39GfW46NuBLhFz +MkZv4DtxiME8pzPLeBOQvypDHibHsI nw95k3VT5At+M8V4efxi7BVyjwy78Gm Rzv1voXHMl/fFanKeEKeixdJrNHiFnP ELW+Hi+HMxJf9ZB2yhZFZ+lkf7NQYRIR tdAivSE7YZvJtN4K3gl50TVPPvDo9bY fmpU3M/K/7dxUFi3y5U7Zbu6VFpeym/ qJF2nG3QLJ3KXlukxrVIdlUl6TW/orT Vh3bZsK/cdK+Sca9S3rAd/ASdR9ek=</ latexit>
E = EF
<latexit  sha1_base64="gc M73ABeaX2ySfSfoP eN1yy3kDg=">AAA EjnicjVO7bhNBFL0 OC4TwiAMNEo2FFU RljZ0IokgRESgodI mDk0h2ZO2uJ2HkfY xmxyZh5R/gA6Cg4 CFRIHp+gIYfoMgnI Mog0VBwZryAjOPE s9qde8+95z5m73gy EIlm7DA3ccY5e+78 5IWpi5cuX5nOz1z dTOKO8nnNj4NYbXt uwgMR8ZoWOuDbUnE 39AK+5bUfGPtWl6 tExNFjfSD5TujuRW JX+K4G1FhZWmk2N N/X6cNeM19kJWZXY VgoZ0KRsrUWz+Q+U YNaFJNPHQqJU0Qa ckAuJXjqVCZGEtgO pcAUJGHtnHo0BW4 HXhweLtA2vnvQ6hk aQTcxE8v2kSXAq8A s0Cz7yj6wI/aFfW Tf2K+RsVIbw9RygN 3rc7lsTj+/vvHzVF aIXdOTf6wTa9a0S wu2VoHapUVMF36f3 3328mhjsTqb3mLv 2HfU/5Ydss/oIOr+ 8N+v8+qrE+rx0LcL nSPm6JMzfqG1G48 IyFN7bqHtJMKfSoG 36T58UuxNq5sq9/ FNLd7L4o9it4ArdN iFX50qtt8GOle2ks F4LZuniCnoWek4W 2WMnHKMrPLvfLmYk 8Gsw7Zxsgp7lkb6M wcxIhldASnQI2s3 fDOZxlvAKzklqrKz Pzpq1dqPjYr7Wf7 /Ng4Lm5VSea5UWZ8 vLs9nN3WSbtBNuo0 TuUvLtEprVENlkl 7Qa3rj5J07zpJzr+ 86kcs412hgOau/A XV8+pc=</latexit >
E = EF
<latexit sha1_base64="gcM73ABeaX 2ySfSfoPeN1yy3kDg=">AAAEjnicjVO7bhNBFL0OC4TwiAMNEo2FFURljZ0Iok gRESgodImDk0h2ZO2uJ2HkfYxmxyZh5R/gA6Cg4CFRIHp+gIYfoMgnIMog0VBwZ ryAjOPEs9qde8+95z5m73gyEIlm7DA3ccY5e+785IWpi5cuX5nOz1zdTOKO8nn Nj4NYbXtuwgMR8ZoWOuDbUnE39AK+5bUfGPtWl6tExNFjfSD5TujuRWJX+K4G1F hZWmk2NN/X6cNeM19kJWZXYVgoZ0KRsrUWz+Q+UYNaFJNPHQqJU0QackAuJXjq VCZGEtgOpcAUJGHtnHo0BW4HXhweLtA2vnvQ6hkaQTcxE8v2kSXAq8As0Cz7yj 6wI/aFfWTf2K+RsVIbw9RygN3rc7lsTj+/vvHzVFaIXdOTf6wTa9a0Swu2VoHap UVMF36f33328mhjsTqb3mLv2HfU/5Ydss/oIOr+8N+v8+qrE+rx0LcLnSPm6JM zfqG1G48IyFN7bqHtJMKfSoG36T58UuxNq5sq9/FNLd7L4o9it4ArdNiFX50qtt 8GOle2ksF4LZuniCnoWek4W2WMnHKMrPLvfLmYk8Gsw7Zxsgp7lkb6MwcxIhld ASnQI2s3fDOZxlvAKzklqrKzPzpq1dqPjYr7Wf7/Ng4Lm5VSea5UWZ8vLs9nN3W SbtBNuo0TuUvLtEprVENlkl7Qa3rj5J07zpJzr+86kcs412hgOau/AXV8+pc=< /latexit>
(a = aFe = 2.866 A˚)
<latexit sha1_ba se64="WD2bDYn3bPv50ntUb5MpqGI2G /s=">AAAEp3icjVO9bhNBEB6HA0L4SQI NEs0JKyhprLUDJiBFSkBCUJE42LFkR9 beeRNOvj/drU3C6R4AXoCCCiQKREGHo KbhBSjyCIgySDQUfLs+gizHifd0tzPf zDc/e7NW6DqxZGw/N3HKOH3m7OS5qfM XLl6anpm9XIuDbmSLqh24QVS3eCxcxxd V6UhX1MNIcM9yxabVua/smz0RxU7gP5 F7odjy+I7vbDs2l4BaM/l5vsxbTSl2Z fJApMtmqbBULptNsw81V1fTBXixAtPL HBaKmZCnbK0Fs7lP1KQ2BWRTlzwS5JOE 7BKnGE+DisQoBLZFCbAIkqPtglKaArc LLwEPDrSD7w60Rob60FXMWLNtZHHxRm CaNMe+s/fsgH1jH9gP9mdkrETHULXsY bf6XBG2pl9e3fh9IsvDLunpf9axNUvap iVdq4PaQ42oLuw+v/f81cHG3cpccoO9 ZT9R/xu2z76iA7/3y363Liqvj6nHQt8 cukDM0Sen/DxtVx4+kGf63DzdiY8/lQ Dv0D34JNhbWldV7uKbaDzN4o9it4FH6 LAHvwaVdL9NdB7pSgbjtXWePKYg1dJRt tIYOcMxsoaH88UxJ4NZh23jZHX0WSrp 3xwEiKT0CIhJj7Rd8dVkKm8HXvEJUSM 9+6OjVrT9yKj6ft5Rq3x4G4eFWqlQXC wsrt/Mr9zKbuokXaPrNI8TuU0r9JDWqI rKXtBH+kxfjAXjsVEz6n3XiVzGuUIDy +B/AfTTAtM=</latexit>
compressive distortion
<latexit sha1_ba se64="GCuobsCUHR3+yFs4XMU0sUDp9 ps=">AAAEoXicjVO9bhNBEB6HA0L4iQM NEkKyOAVRWWsHSKCKoCGd4+Akkh1Zd+ dNsvL9aW99JJxc0fECFFQgUUR0IPECN LwARR4BUQaJhoJv10eQ5Tjxnu525pv5 5mdv1o19kSjGDgtT56zzFy5OX5q5fOX qtdni3PX1JOpJjze8yI/kpusk3Bchbyi hfL4ZS+4Ers833O5Tbd9IuUxEFD5X+z HfCpydUGwLz1GA2sXbLcX3VOZFAWhJI lJe6iBrJLW53y7arMzMKo0KlVywKV+1 aK7whVrUoYg86lFAnEJSkH1yKMHTpAox ioFtUQZMQhLGzqlPM+D24MXh4QDt4rs DrZmjIXQdMzFsD1l8vBLMEs2z7+yAHb Fv7CP7wf6MjZWZGLqWfezugMvj9uzrm 2u/z2QF2BXt/medWrOibVoytQrUHhtEd +EN+OnLN0drj+vz2V32nv1E/e/YIfuK DsL0l/dhldffnlKPi74d6Bwxx5+c9gu MXXuEQF6YcwtMJyH+VAa8S0/gk2FvG1 1XuYdvZvB+Hn8cuwNcosMUfk2qmn5b6 FyaSobjdUweG1PQN9JJtuoEOeMJssbH8 +VgToazjtomySrMWWrp3xxEiKR1CaRE K8au+XoytbeAV3JGVGlmf3zUurGfGNX cz0d6PTy+jaPCerVcWSgvrN63lx/kN3 WabtEduocTWaRlekY1aqCyV3RAn+izZV srVs2qD1ynCjnnBg0tq/kXSmwDaA==< /latexit>
(a = aFe = 2.866 A˚)
<latexit sha1_ba se64="WD2bDYn3bPv50ntUb5MpqGI2G /s=">AAAEp3icjVO9bhNBEB6HA0L4SQI NEs0JKyhprLUDJiBFSkBCUJE42LFkR9 beeRNOvj/drU3C6R4AXoCCCiQKREGHo KbhBSjyCIgySDQUfLs+gizHifd0tzPf zDc/e7NW6DqxZGw/N3HKOH3m7OS5qfM XLl6anpm9XIuDbmSLqh24QVS3eCxcxxd V6UhX1MNIcM9yxabVua/smz0RxU7gP5 F7odjy+I7vbDs2l4BaM/l5vsxbTSl2Z fJApMtmqbBULptNsw81V1fTBXixAtPL HBaKmZCnbK0Fs7lP1KQ2BWRTlzwS5JOE 7BKnGE+DisQoBLZFCbAIkqPtglKaArc LLwEPDrSD7w60Rob60FXMWLNtZHHxRm CaNMe+s/fsgH1jH9gP9mdkrETHULXsY bf6XBG2pl9e3fh9IsvDLunpf9axNUvap iVdq4PaQ42oLuw+v/f81cHG3cpccoO9 ZT9R/xu2z76iA7/3y363Liqvj6nHQt8 cukDM0Sen/DxtVx4+kGf63DzdiY8/lQ Dv0D34JNhbWldV7uKbaDzN4o9it4FH6 LAHvwaVdL9NdB7pSgbjtXWePKYg1dJRt tIYOcMxsoaH88UxJ4NZh23jZHX0WSrp 3xwEiKT0CIhJj7Rd8dVkKm8HXvEJUSM 9+6OjVrT9yKj6ft5Rq3x4G4eFWqlQXC wsrt/Mr9zKbuokXaPrNI8TuU0r9JDWqI rKXtBH+kxfjAXjsVEz6n3XiVzGuUIDy +B/AfTTAtM=</latexit>
compressive distortion
<latexit sha1_ba se64="GCuobsCUHR3+yFs4XMU0sUDp9 ps=">AAAEoXicjVO9bhNBEB6HA0L4iQM NEkKyOAVRWWsHSKCKoCGd4+Akkh1Zd+ dNsvL9aW99JJxc0fECFFQgUUR0IPECN LwARR4BUQaJhoJv10eQ5Tjxnu525pv5 5mdv1o19kSjGDgtT56zzFy5OX5q5fOX qtdni3PX1JOpJjze8yI/kpusk3Bchbyi hfL4ZS+4Ers833O5Tbd9IuUxEFD5X+z HfCpydUGwLz1GA2sXbLcX3VOZFAWhJI lJe6iBrJLW53y7arMzMKo0KlVywKV+1 aK7whVrUoYg86lFAnEJSkH1yKMHTpAox ioFtUQZMQhLGzqlPM+D24MXh4QDt4rs DrZmjIXQdMzFsD1l8vBLMEs2z7+yAHb Fv7CP7wf6MjZWZGLqWfezugMvj9uzrm 2u/z2QF2BXt/medWrOibVoytQrUHhtEd +EN+OnLN0drj+vz2V32nv1E/e/YIfuK DsL0l/dhldffnlKPi74d6Bwxx5+c9gu MXXuEQF6YcwtMJyH+VAa8S0/gk2FvG1 1XuYdvZvB+Hn8cuwNcosMUfk2qmn5b6 FyaSobjdUweG1PQN9JJtuoEOeMJssbH8 +VgToazjtomySrMWWrp3xxEiKR1CaRE K8au+XoytbeAV3JGVGlmf3zUurGfGNX cz0d6PTy+jaPCerVcWSgvrN63lx/kN3 WabtEduocTWaRlekY1aqCyV3RAn+izZV srVs2qD1ynCjnnBg0tq/kXSmwDaA==< /latexit>
(a = aMgO/
p
2 = 2.978 A˚)
<latexit sha1_base64="szCPSMzn8g bLjCDILLaYOyJbhVI=">AAAEsXicjVM7bxNBEB6HA0J4xIEGieaEFRQKnPWZvJ AiJdBAgUgcnAT5IrN33piV78Xe2iSc7g/QUlBQgUSB6JFoScMfoMhPQJRBoqFgd n0EWY4T7+luZ76Zbx57s07k8VgSsp8bOWWcPnN29NzY+QsXL43nJy6vx2FbuKz qhl4oNh0aM48HrCq59NhmJBj1HY9tOK17yr7RYSLmYfBY7kZsy6fNgG9zl0qE6v lbU3SR1m3JdmTysPkonbbj50ImVrpoWsWFuXnTNrtGe3k5vVnPF0iR6GX2C6VM KEC2VsKJ3GewoQEhuNAGHxgEIFH2gEKMTw1KQCBCbAsSxARKXNsZpDCG3DZ6Mf SgiLbw20StlqEB6ipmrNkuZvHwFcg0YZJ8Jx/JAflGPpEf5M/AWImOoWrZxd3pc llUH391de33iSwfdwnP/rOOrVnCNszrWjnWHmlEdeF2+Z2Xbw7W7lQmkxvkPfm J9b8j+2QPOwg6v9wPq6zy9ph6HOybos4w5uCTU36+tiuPAJEX+tx83UmAfypBvA V30SfBva51VeUOfhONp1n8QewG4gI77KBfDSzdr42dC11Jb7yGzlPAKUi1dJTN GiJnNETW6HC+KM5Jb9Z+2zBZuT5LJf2bgxAjKV0gYsIDbVd8NZnKm6NXfEJUoWd /cNSKth8ZVd/PBbVmD29jv7BuFUvlYnn1dmFpJrupo3ANrsMUnsgcLMF9WIEqV vYavsBX2DPKxhPjqeF0XUdyGecK9Cyj9Rf+iAcS</latexit>
extensive distortion
<latexit sha1_base64="q0wOx9Ja1C aF0Nh+Ra2WgkKK+KM=">AAAEn3icjVM7bxNBEB6HA0J4xIEGKY3BCqKy1g7vKo ICaJDj4CTIjqy78yasfC/tnU3CyQUtf4CCCiSEEA00/AEa/gBFfgKiDBINBd+Oj yDLceI93e3MN/PNY2/WiTwVJ0Ls5qaOWcdPnJw+NXP6zNlzs/m586tx2NWurLu hF+p1x46lpwJZT1TiyfVIS9t3PLnmdO4Z+1pP6liFweNkJ5Ibvr0VqE3l2gmgVn 6+mcjtJMUrg1j1ZKGNnKE2xn4rXxQlwaswKpQzoUjZqoZzuS/UpDaF5FKXfJIU UALZI5tiPA0qk6AI2AalwDQkxXZJfZoBtwsvCQ8baAffLWiNDA2gm5gxs11k8f BqMAu0IL6LD2JPfBMfxQ/xZ2yslGOYWnawOwOujFqzLy+u/D6S5WNP6Ol/1qE1J 7RJt7hWhdojRkwX7oDfe/5qb+VObSG9It6Kn6j/jdgVX9FB0PvlvluWtdeH1OO gbxu6RMzxJ2f8fLYbjwDIMz43nzsJ8KdS4B26C58Ue4t1U+U2vinj/Sz+OHYbuE aHPfg1qML9NtG55kqG47U5TxFT0GfpIFtlgpzRBFmj/fmyMSfDWUdtk2RVfJZG +jcHISIZXQMp0EO2G76ZTOOt4BUfEVXz7I+PWmP7gVH5ft4268b+bRwVViul8mJ pcflacel6dlOnaZ4u01WcyE1aogdUpToqe0Hv6RN9ti5Z961HVnXgOpXLOBdoa FlP/gJ1tgJ/</latexit>
(a = aMgO/
p
2 = 2.978 A˚)
<latexit sha1_base64="szCPSMzn8g bLjCDILLaYOyJbhVI=">AAAEsXicjVM7bxNBEB6HA0J4xIEGieaEFRQKnPWZvJ AiJdBAgUgcnAT5IrN33piV78Xe2iSc7g/QUlBQgUSB6JFoScMfoMhPQJRBoqFgd n0EWY4T7+luZ76Zbx57s07k8VgSsp8bOWWcPnN29NzY+QsXL43nJy6vx2FbuKz qhl4oNh0aM48HrCq59NhmJBj1HY9tOK17yr7RYSLmYfBY7kZsy6fNgG9zl0qE6v lbU3SR1m3JdmTysPkonbbj50ImVrpoWsWFuXnTNrtGe3k5vVnPF0iR6GX2C6VM KEC2VsKJ3GewoQEhuNAGHxgEIFH2gEKMTw1KQCBCbAsSxARKXNsZpDCG3DZ6Mf SgiLbw20StlqEB6ipmrNkuZvHwFcg0YZJ8Jx/JAflGPpEf5M/AWImOoWrZxd3pc llUH391de33iSwfdwnP/rOOrVnCNszrWjnWHmlEdeF2+Z2Xbw7W7lQmkxvkPfm J9b8j+2QPOwg6v9wPq6zy9ph6HOybos4w5uCTU36+tiuPAJEX+tx83UmAfypBvA V30SfBva51VeUOfhONp1n8QewG4gI77KBfDSzdr42dC11Jb7yGzlPAKUi1dJTN GiJnNETW6HC+KM5Jb9Z+2zBZuT5LJf2bgxAjKV0gYsIDbVd8NZnKm6NXfEJUoWd /cNSKth8ZVd/PBbVmD29jv7BuFUvlYnn1dmFpJrupo3ANrsMUnsgcLMF9WIEqV vYavsBX2DPKxhPjqeF0XUdyGecK9Cyj9Rf+iAcS</latexit>
extensive distortion
<latexit sha1_base64="q0wOx9Ja1C aF0Nh+Ra2WgkKK+KM=">AAAEn3icjVM7bxNBEB6HA0J4xIEGKY3BCqKy1g7vKo ICaJDj4CTIjqy78yasfC/tnU3CyQUtf4CCCiSEEA00/AEa/gBFfgKiDBINBd+Oj yDLceI93e3MN/PNY2/WiTwVJ0Ls5qaOWcdPnJw+NXP6zNlzs/m586tx2NWurLu hF+p1x46lpwJZT1TiyfVIS9t3PLnmdO4Z+1pP6liFweNkJ5Ibvr0VqE3l2gmgVn 6+mcjtJMUrg1j1ZKGNnKE2xn4rXxQlwaswKpQzoUjZqoZzuS/UpDaF5FKXfJIU UALZI5tiPA0qk6AI2AalwDQkxXZJfZoBtwsvCQ8baAffLWiNDA2gm5gxs11k8f BqMAu0IL6LD2JPfBMfxQ/xZ2yslGOYWnawOwOujFqzLy+u/D6S5WNP6Ol/1qE1J 7RJt7hWhdojRkwX7oDfe/5qb+VObSG9It6Kn6j/jdgVX9FB0PvlvluWtdeH1OO gbxu6RMzxJ2f8fLYbjwDIMz43nzsJ8KdS4B26C58Ue4t1U+U2vinj/Sz+OHYbuE aHPfg1qML9NtG55kqG47U5TxFT0GfpIFtlgpzRBFmj/fmyMSfDWUdtk2RVfJZG +jcHISIZXQMp0EO2G76ZTOOt4BUfEVXz7I+PWmP7gVH5ft4268b+bRwVViul8mJ pcflacel6dlOnaZ4u01WcyE1aogdUpToqe0Hv6RN9ti5Z961HVnXgOpXLOBdoa FlP/gJ1tgJ/</latexit>
antibonding
<latexit sha1_ba se64="3SU1O4MLvOLN/J7sEzRsv3R3R 4w=">AAAElnicjVPNbtNAEJ4UA6X8NG0 vlbhEREWcok2Kys+hqkAIuKUpaSslVW Q723QVe23Zm5Bi5QV4AQ5ISFSqAHHnB bjwAhz6CIhjkbhw4NuNKYrStFnL3plv 5puf9awTeiJWjB1lpi5YFy9dnr4yc/X a9Ruz2bn5zTjoRC6vuoEXRNuOHXNPSF5 VQnl8O4y47Tse33Laj7V9q8ujWATyhd oP+Y5vt6TYFa6tADWy83XFeyqxpRJOI JtCtvqNbJ4VmFm5UaGYCnlKVzmYy3yh OjUpIJc65BMnSQqyRzbFeGpUJEYhsB1K gEWQhLFz6tMMuB14cXjYQNv4tqDVUlR C1zFjw3aRxcMbgZmjJfadfWLH7Bv7zH 6wP2NjJSaGrmUfuzPg8rAx+3px4/e5L B+7or3/rDNrVrRL902tArWHBtFduAN+9 9Wb442HlaXkNjtgP1H/e3bEvqID2f3l Hq7zytsz6nHQtw2dI+b4k9N+vrFrDwn kpTk333Qi8acS4G16BJ8Ee8Pousoevo nB+2n8cewm8AgdduFXo5Lpt47OI1PJc LymyZPHFPSNdJqtNEHOcIKs4cl82ZiT4 ayjtkmyCnOWWvo3BwEiaT0CkqPnxq75 ejK1t4BXfE7UyMz++KgVYz81qrmfD/R aObmNo8JmqVBcLiyv382vraQ3dZpu0i 26gxO5R2v0jMpURWU9ekcf6KO1aK1aT6 ynA9epTMpZoKFllf8CVEb+Wg==</lat exit>
antibonding
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FIG. 6. (a) A schematic picture of the left interface of
the Fe/MgO/Fe(001) MTJ for the compressive (a = aFe =
2.866 A˚) and the extensive (a = aMgO/
√
2 = 2.978 A˚) distor-
tions. As the in-plane lattice constant increases, the interface
distance decreases. (b) A schematic picture of the bonding
and antibonding states at the interface for the compressive
(a = aFe = 2.866 A˚) and the extensive (a = aMgO/
√
2 =
2.978 A˚) distortions. As the interface distance decreases, the
coupling at the interface becomes strong, thus leading to an
increase in the energy difference between the bonding and the
antibonding states.
tunneling is relatively suppressed for n = 3 is that the
thickness of the barrier is too small to describe the insu-
lating behavior of MgO. Other states such as ∆5 and ∆2
states contribute to the transmittance in the majority-
spin channel and smear the enhancement of the transmit-
tance due to the interface resonant tunneling. Therefore,
the transmittance in the majority-spin channel shown in
Fig. 4(b) dominates the total transmittance for n = 3
and n ≥ 6, thus leading to the almost symmetric energy
dependence of the total transmittance with respect to
the Fermi energy. The generalized transport coefficient
L1 thus becomes almost zero, resulting in an almost zero
Seebeck coefficient.
Next, we consider the difference in the Seebeck coeffi-
cient between the compressive and the extensive distor-
tions for n = 4 and 5 found in Fig. 2. In contrast to the
case for the compressive distortion shown in Fig. 4(a),
the enhancement in the total transmittance due to the
interface resonant tunneling does not appear for the ex-
tensive distortion as shown in Fig. 4(d). This is be-
cause the maximal transmittance caused by the inter-
face resonant tunneling shifts to the higher energy side
while increasing in-plane lattice constant [see the trans-
mittances in the minority-spin channel for both cases
shown in Figs. 4(c) and 4(f)]. In this case, the max-
imal transmittance from the interface resonant tunnel-
ing dose not contribute to the Seebeck coefficient be-
cause the factor (E − EF)[−(df/dE)] at T = 300 K
does not pick up the maximal transmittance from the
interface resonant tunneling outside the energy range
E − EF = [−0.2 eV, 0.2 eV]. Therefore, the Seebeck co-
efficient for the extensive distortion is smaller than that
for the compressive distortion. In order to understand
the shift of the maximal transmittance caused by the in-
terface resonant tunneling, we calculated the LDOS of
interfacial Fe atoms at the Fe/MgO(001) interface for
the extensive distortion of the in-plane lattice shown in
Figs. 5(a) and (b). We confirm that the interfacial states
of Fe dyz(zx) orbitals are shifted to the higher energy side
due to the extensive distortion and are located around
E−EF > 0.2 eV, which is consistent with the shift of the
maximal transmittance from the interface resonant tun-
neling. These interfacial states are mainly composed of
antibonding states of interfacial Fe dyz(zx) orbitals. Since
the interfacial Fe-O distance decreases due to the exten-
sive distortion of the in-plane lattice parameter as shown
in Fig. 6(a), the energy difference between the bonding
and antibonding states increases with the distortion [see
Fig. 6(b)]. This gives the shift of the interfacial anti-
bonding states to the higher energy side, thus leading to
a smaller contribution to the Seebeck coefficient.
The oscillation of the Seebeck coefficient on the odd
and even n for n ≥ 5 for the compressive distortion found
in Fig. 2 is also due to the interface resonant tunnel-
ing. For odd n, the enhancement in the total transmit-
tance due to the interface resonant tunneling shown in
Fig. 4(a) gives larger Seebeck coefficients than those for
even n. For even n, the enhancement in the total trans-
mittance does not appear as shown in Fig. 4(a), thus
leading to smaller Seebeck coefficients with almost sym-
metric transmittance from the majority-spin ∆1 evanes-
cent state. The different behavior of the enhancement
in the total transmittance due to the interface resonant
tunneling between even and odd n causes the oscillation
of the Seebeck coefficient. This may come from the sym-
metry of the left and right interfacial structures, which
are symmetric for odd n but asymmetric for even n since
the atomic positions of Mg and O atoms are shifted as
shown in Fig. 1. For symmetric interfacial structures
with odd n, the effect of the interface resonant tunnel-
ing is noticeable as compared with that for asymmetric
interfacial structures with even n, thus resulting in the
enhancement in the total transmittance. For n = 7, how-
ever, the Seebeck coefficient is almost zero because the
enhancement due to the interface resonant tunneling ap-
pears almost symmetrically in the total transmittance.
A gradual increase in the Seebeck coefficient with in-
creasing n for the extensive distortion was found in Fig. 2.
This comes from the increase in the gradient in the total
transmittance as n increases [Fig. 4(d)]. The increase in
the gradient makes the total transmittance more asym-
metric and enhances the Seebeck coefficient via the in-
crease in L1. We found the following properties of the
increase in the gradient in the energy dependence of the
transmittances. First, the increase in the gradient for the
extensive distortion with increasing n comes from that in
the transmittance in the majority-spin channel coming
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<latexit sha1_base 64="uauURNRXvcr2zAWmZ0HYRDPQhtk="> AAAEg3icjVNLaxNRFD5pp1rrow83gptgqA hCuJkWWwSh6EZ3TWraQlrCzOS2vWRe3JlE 65A/oFvFhSsFF+LeP+DGP+CiP0FcVnDjwu +ejEpM0+YOM/ec75zvPO6c68a+SlIhjgoT k9bUufPTF2YuXrp8ZXZufmEziTrak3Uv8i O97TqJ9FUo66lKfbkda+kEri+33PYDY9/q Sp2oKHycHsZyN3D2Q7WnPCcFVF1qzpVEWf AqDguVXChRvtaj+cIn2qEWReRRhwKSFFIK 2SeHEjwNqpCgGNguZcA0JMV2ST2aAbcDLw kPB2gb331ojRwNoZuYCbM9ZPHxajCLtCi+ ig/iWHwRH8U38WtkrIxjmFoOsbt9roybs8+ vbfw8kxVgT+ngH+vUmlPao1WuVaH2mBHTh dfnd5+9Pt64W1vMbop34jvqfyuOxGd0EHZ /eO+rsvbmlHpc9O1Al4g5+uSMX8B24xECe cLnFnAnIf5UBrxN9+GTYW+ybqp8im/GeC+ PP4rdAq7RYRd+DbK53x10rrmSwXgtzlPCF PRYOslmj5EzHiNr/He+HMzJYNZh2zhZFZ+ lkf7MQYRIRtdAivSI7YZvJtN4K3glZ0TVP Pujo9bYfmJU3M/K/7dxWNi0y5Wlsl1dLq3 dyW/qNF2nG3QLJ7JCa/SQ1qmOyiS9oJf0y pqyblu2tdx3nSjknKs0sKx7vwHdrvXZ</l atexit>
0
<latexit sha1_base 64="rfOwrHitXozCTpg/ISy/p+CWGGM="> AAAEg3icjVPNahNRFD6pU631p61uBDfBUB GEcDMWW4RC0Y3umtS0hbSEmcltvWT+uDOJ rUNeQLeKC1cKLsS9L+DGF3DRRxCXFbrpwu +ejEpM0+YOM/ec75zv/Nw51419laRCHBQm zlmT5y9MXZy+dPnK1ZnZuWvrSdTRnqx7kR /pTddJpK9CWU9V6svNWEsncH254bYfGftG V+pEReHTdD+W24GzG6od5TkpoKpozpZEWf AqDguVXChRvlajucIX2qIWReRRhwKSFFIK 2SeHEjwNqpCgGNg2ZcA0JMV2ST2aBrcDLw kPB2gb311ojRwNoZuYCbM9ZPHxajCLNC++ i0/iUHwTn8UPcTwyVsYxTC372N0+V8bNmZc 31o7OZAXYU3r2j3VqzSnt0BLXqlB7zIjpw uvzuy/eHq49qM1nt8UH8RP1vxcH4is6CLu /vI9VWXt3Sj0u+nagS8QcfXLGL2C78QiBP OdzC7iTEH8qA96mh/DJsDdZN1Xu4Zsx3sv jj2K3gGt02IVfg2zudwuda65kMF6L85QwB T2WTrLZY+SMx8ga/50vB3MymHXYNk5WxWd ppD9zECGS0TWQIj1hu+GbyTTeCl7JGVE1z /7oqDW2nxgV97Py/20cFtbtcuVe2a4ulFb u5zd1im7SLbqDE1mkFXpMq1RHZZJe0Wt6Y 01ady3bWui7ThRyznUaWNbyb9FR9dY=</l atexit>
1<latexit sha1_base 64="ZOkG/hmx4HDXZBWa+3cfB72u1c8="> AAAEg3icjVPNahNRFD6pU631p61uBDfBUB GEcGcstghC0Y3umtS0hbSEmcltvWT+uDOJ 1iEvoFvFhSsFF+LeF3DjC7joI4jLCm5c+N 2TUYlp2txh5p7znfOdnzvnekmg0kyIg9LU KWv69JmZs7Pnzl+4ODe/cGkjjbvalw0/Dm K95bmpDFQkG5nKArmVaOmGXiA3vc59Y9/s SZ2qOHqU7SdyJ3T3IrWrfDcDVLNb8xVRFb zKo4JdCBUq1lq8UPpE29SmmHzqUkiSIsog B+RSiqdJNglKgO1QDkxDUmyX1KdZcLvwkv BwgXbw3YPWLNAIuomZMttHlgCvBrNMi+Kr +CAOxRfxUXwTv8bGyjmGqWUfuzfgyqQ19/z K+s8TWSH2jB7/Yx1bc0a7tMK1KtSeMGK68 Af83rPXh+t36ov5dfFOfEf9b8WB+IwOot4 P/31N1t8cU4+Hvl3oEjHHn5zxC9luPCIgT /jcQu4kwp/KgXfoHnxy7C3WTZVP8c0Z7xf xx7HbwDU67MGvSQ73u43ONVcyHK/NeSqYg j5LR9mcCXImE2RN/s6XizkZzjpqmySr4rM 00p85iBHJ6BpImR6y3fDNZBpvBa/0hKiaZ 3981Drbj4yK+2n/fxtHhQ2nat+qOrWlyur t4qbO0FW6RjdwIsu0Sg9ojRqoTNILekmvr GnrpuVYSwPXqVLBuUxDy7r7G9Vw9dc=</l atexit>
2<latexit sha1_base 64="RUbAaG4ZHJXaH7vjlmLlJ08vQbQ="> AAAEg3icjVPNahNRFD6pU631p61uBDfBUB GEcDMWW4RC0Y3umtS0hbSEmcltvWT+uDOJ rUNeQLeKC1cKLsS9L+DGF3DRRxCXFbrpwu +ejEpM0+YOM/ec75zv/Nw51419laRCHBQm zlmT5y9MXZy+dPnK1ZnZuWvrSdTRnqx7kR /pTddJpK9CWU9V6svNWEsncH254bYfGftG V+pEReHTdD+W24GzG6od5TkpoKrdnC2Jsu BVHBYquVCifK1Gc4UvtEUtisijDgUkKaQU sk8OJXgaVCFBMbBtyoBpSIrtkno0DW4HXh IeDtA2vrvQGjkaQjcxE2Z7yOLj1WAWaV58 F5/EofgmPosf4nhkrIxjmFr2sbt9roybMy9 vrB2dyQqwp/TsH+vUmlPaoSWuVaH2mBHTh dfnd1+8PVx7UJvPbosP4ifqfy8OxFd0EHZ /eR+rsvbulHpc9O1Al4g5+uSMX8B24xECe c7nFnAnIf5UBrxND+GTYW+ybqrcwzdjvJf HH8VuAdfosAu/Btnc7xY611zJYLwW5ylhC nosnWSzx8gZj5E1/jtfDuZkMOuwbZysis/ SSH/mIEIko2sgRXrCdsM3k2m8FbySM6Jqn v3RUWtsPzEq7mfl/9s4LKzb5cq9sl1dKK3 cz2/qFN2kW3QHJ7JIK/SYVqmOyiS9otf0x pq07lq2tdB3nSjknOs0sKzl39mP9dg=</l atexit>
3
<latexit sha1_base 64="uauURNRXvcr2zAWmZ0HYRDPQhtk="> AAAEg3icjVNLaxNRFD5pp1rrow83gptgqA hCuJkWWwSh6EZ3TWraQlrCzOS2vWRe3JlE 65A/oFvFhSsFF+LeP+DGP+CiP0FcVnDjwu +ejEpM0+YOM/ec75zvPO6c68a+SlIhjgoT k9bUufPTF2YuXrp8ZXZufmEziTrak3Uv8i O97TqJ9FUo66lKfbkda+kEri+33PYDY9/q Sp2oKHycHsZyN3D2Q7WnPCcFVF1qzpVEWf AqDguVXChRvtaj+cIn2qEWReRRhwKSFFIK 2SeHEjwNqpCgGNguZcA0JMV2ST2aAbcDLw kPB2gb331ojRwNoZuYCbM9ZPHxajCLtCi+ ig/iWHwRH8U38WtkrIxjmFoOsbt9roybs8+ vbfw8kxVgT+ngH+vUmlPao1WuVaH2mBHTh dfnd5+9Pt64W1vMbop34jvqfyuOxGd0EHZ /eO+rsvbmlHpc9O1Al4g5+uSMX8B24xECe cLnFnAnIf5UBrxN9+GTYW+ybqp8im/GeC+ PP4rdAq7RYRd+DbK53x10rrmSwXgtzlPCF PRYOslmj5EzHiNr/He+HMzJYNZh2zhZFZ+ lkf7MQYRIRtdAivSI7YZvJtN4K3glZ0TVP Pujo9bYfmJU3M/K/7dxWNi0y5Wlsl1dLq3 dyW/qNF2nG3QLJ7JCa/SQ1qmOyiS9oJf0y pqyblu2tdx3nSjknKs0sKx7vwHdrvXZ</l atexit>
4<latexit sha1_base 64="lJYG1UWmuzAezdCZAWbKTom556I="> AAAEf3icjVO9bhNBEB6HCwTzk4QqEo2FFY SEZK0PBAiaKDTQJQ5OIjmRdXfehJXvT3tn J+HkF0haEAUVSBSInheg4QUo8giIMkg0FH w7vgQZx4n3dLcz38w3P3uzbuyrJBXisDBx wZq8eGnqcvHK1WvXp2eKs6tJ1NGerHuRH+ l110mkr0JZT1Xqy/VYSydwfbnmtp8a+1pX 6kRF4Yt0L5abgbMdqi3lOSmg5fvNmbKoCF 6lYaGaC2XK11I0W/hCG9SiiDzqUECSQkoh ++RQgqdBVRIUA9ukDJiGpNguqUdFcDvwkv BwgLbx3YbWyNEQuomZMNtDFh+vBrNE8+K7 +CSOxDfxWfwQf0bGyjiGqWUPu9vnyrg5vT+ 38vtcVoA9pZf/WGfWnNIWPeJaFWqPGTFde H1+99Xbo5XHtfnstvggfqL+9+JQfEUHYfe X93FZ1t6dUY+Lvh3oEjFHn5zxC9huPEIgO 3xuAXcS4k9lwNu0CJ8Me5N1U+UuvhnjvTz +KHYLuEaHXfg1yOZ+N9C55koG47U4TxlT0 GPpNJs9Rs54jKzxyXw5mJPBrMO2cbIqPks jHc9BhEhG10BK9Jzthm8m03greCXnRNU8+ 6Oj1th+alTcz+r/t3FYWLUr1XsVu7zwIL+ nU3STbtEdnMdDWqBntER11CXpgF7TG2vSu mvZfceJQs64QQPLevIXxST1Eg==</latex it>
5
<latexit sha1_base 64="X/1pvLQmY8QiWqAErTCkrIhhmi8="> AAAEg3icjVPNahNRFD6pU6212lY3gptgqA hCuBnrD4JQdKO7JjVtIS1hZnLbXjJ/3Jmk rUNeQLeKC1cKLsS9L+DGF3DRRxCXFdy48L snUyWmaXOHmXvOd853fu6c68a+SlIhDgoT Z6zJs+emzk9fmLl4aXZu/vJqEnW0J+te5E d63XUS6atQ1lOV+nI91tIJXF+uue3Hxr7W lTpRUfgs3Y/lZuBsh2pLeU4KqHqnOVcSZc GrOCxUcqFE+VqO5gufaYNaFJFHHQpIUkgp ZJ8cSvA0qEKCYmCblAHTkBTbJfVoGtwOvC Q8HKBtfLehNXI0hG5iJsz2kMXHq8Es0oL4 Jj6KQ/FVfBLfxe+RsTKOYWrZx+72uTJuzr6 4uvLrVFaAPaWdf6wTa05pi+5zrQq1x4yYL rw+v/v8zeHKg9pCdkO8Fz9Q/ztxIL6gg7D 70/tQlbW3J9Tjom8HukTM0Sdn/AK2G48Qy C6fW8CdhPhTGfA2PYJPhr3JuqlyD9+M8V4 efxS7BVyjwy78GmRzvxvoXHMlg/FanKeEK eixdJzNHiNnPEbW+O98OZiTwazDtnGyKj5 LIx3NQYRIRtdAivSU7YZvJtN4K3glp0TVP Pujo9bYfmxU3M/K/7dxWFi1y5XbZbu6WFq 6m9/UKbpG1+kmTuQeLdETWqY6KpP0kl7Ra 2vSumXZ1mLfdaKQc67QwLIe/gHl7PXb</l atexit>
6
<latexit sha1_base 64="Kb0QFtRgwWa+ya05QuENjpeH+QI="> AAAEg3icjVPNahNRFD6pU631p61uBDfBUB GEcDOWKoJQ6kZ3TWraQlrCzOS2vWT+uDOJ 1iEvULeKC1cWuhD3voAbX8BFH0FcVnDjwu +ejEpM0+YOM/ec75zv/Nw51419laRCHBUm zlmT5y9MXZy+dPnK1ZnZuWtrSdTRnqx7kR /pDddJpK9CWU9V6suNWEsncH257rYfG/t6 V+pEReGzdC+WW4GzE6pt5TkpoOpic7Ykyo JXcVio5EKJ8rUSzRU+0Sa1KCKPOhSQpJBS yD45lOBpUIUExcC2KAOmISm2S+rRNLgdeE l4OEDb+O5Aa+RoCN3ETJjtIYuPV4NZpHnx VXwQx+KL+Ci+iV8jY2Ucw9Syh93tc2XcnNm /sfrzTFaAPaXdf6xTa05pmx5wrQq1x4yYL rw+v/vy7fHqw9p8dlsciO+o/704Ep/RQdj 94R1WZe3dKfW46NuBLhFz9MkZv4DtxiME8 pzPLeBOQvypDHibluGTYW+ybqp8gW/GeC+ PP4rdAq7RYRd+DbK53010rrmSwXgtzlPCF PRYOslmj5EzHiNr/He+HMzJYNZh2zhZFZ+ lkf7MQYRIRtdAivSU7YZvJtN4K3glZ0TVP Pujo9bYfmJU3M/K/7dxWFizy5V7Zbu6UFp azG/qFN2kW3QHJ3KflugJrVAdlUl6Ra/pj TVp3bVsa6HvOlHIOddpYFmPfgPqC/Xc</l atexit>
7
<latexit sha1_base 64="z2MKjbEjiUZxt3SNcbhUFh1VtL8="> AAAEg3icjVPNahNRFD6pU631p61uBDfBUB GEcDMWK4JQ6kZ3TWraQlrCzOS2vWT+uDOJ 1iEvULeKC1cWuhD3voAbX8BFH0FcVnDjwu +ejEpM0+YOM/ec75zv/Nw51419laRCHBUm zlmT5y9MXZy+dPnK1ZnZuWtrSdTRnqx7kR /pDddJpK9CWU9V6suNWEsncH257rYfG/t6 V+pEReGzdC+WW4GzE6pt5TkpoOpic7Ykyo JXcVio5EKJ8rUSzRU+0Sa1KCKPOhSQpJBS yD45lOBpUIUExcC2KAOmISm2S+rRNLgdeE l4OEDb+O5Aa+RoCN3ETJjtIYuPV4NZpHnx VXwQx+KL+Ci+iV8jY2Ucw9Syh93tc2XcnNm /sfrzTFaAPaXdf6xTa05pmx5wrQq1x4yYL rw+v/vy7fHqw9p8dlsciO+o/704Ep/RQdj 94R1WZe3dKfW46NuBLhFz9MkZv4DtxiME8 pzPLeBOQvypDHibluGTYW+ybqp8gW/GeC+ PP4rdAq7RYRd+DbK53010rrmSwXgtzlPCF PRYOslmj5EzHiNr/He+HMzJYNZh2zhZFZ+ lkf7MQYRIRtdAivSU7YZvJtN4K3glZ0TVP Pujo9bYfmJU3M/K/7dxWFizy5V7Zbu6UFq 6n9/UKbpJt+gOTmSRlugJrVAdlUl6Ra/pj TVp3bVsa6HvOlHIOddpYFmPfgPuKvXd</l atexit>
8
<latexit sha1_base 64="x9plhNUb2ufsBRlPoqID7Apt1Cg="> AAAEg3icjVPNahNRFD6pU631p61uBDfBUB GEcDMWLYJQ6kZ3TWraQlrCzOS2vWT+uDOJ 1iEvULeKC1cWuhD3voAbX8BFH0FcVnDjwu +ejEpM0+YOM/ec75zv/Nw51419laRCHBUm zlmT5y9MXZy+dPnK1ZnZuWtrSdTRnqx7kR /pDddJpK9CWU9V6suNWEsncH257rYfG/t6 V+pEReGzdC+WW4GzE6pt5TkpoOpic7Ykyo JXcVio5EKJ8rUSzRU+0Sa1KCKPOhSQpJBS yD45lOBpUIUExcC2KAOmISm2S+rRNLgdeE l4OEDb+O5Aa+RoCN3ETJjtIYuPV4NZpHnx VXwQx+KL+Ci+iV8jY2Ucw9Syh93tc2XcnNm /sfrzTFaAPaXdf6xTa05pmxa5VoXaY0ZMF 16f33359nj1YW0+uy0OxHfU/14cic/oIOz +8A6rsvbulHpc9O1Al4g5+uSMX8B24xECe c7nFnAnIf5UBrxNy/DJsDdZN1W+wDdjvJf HH8VuAdfosAu/Btnc7yY611zJYLwW5ylhC nosnWSzx8gZj5E1/jtfDuZkMOuwbZysis/ SSH/mIEIko2sgRXrKdsM3k2m8FbySM6Jqn v3RUWtsPzEq7mfl/9s4LKzZ5cq9sl1dKC3 dz2/qFN2kW3QHJ/KAlugJrVAdlUl6Ra/pj TVp3bVsa6HvOlHIOddpYFmPfgPySfXe</l atexit>
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<latexit sha1_base64="6mvicuV3bKkAyLpuWFgO3N7/pN0="></latexit>
The number of MgO layers n
<latexit sha1_base 64="qUq1Sf3SA8YRSL5SY00rKErpJLE="> AAAEpXicjVO9bhNBEB6HA0L4SQINEs2BFa CK1g4SCFFE0EARkTi2E8mOrLvz2ln5/rS3 NjEn10i8AAUVSBQI0YYHoOEFKPIIiDJINB R8uz5AxnHiPd3tzDfzzc/erBv7IlGMHeRm Tlmnz5ydPTd3/sLFS/MLi5erSdSVHq94kR /JbddJuC9CXlFC+Xw7ltwJXJ9vuZ1H2r7V 4zIRUVhW/ZjvBE47FC3hOQpQY+F6XfE9lZ Z3uR12A5dLO2rZa+2ntu/0QbMH8MmzZWaW PS4UMiFP2VqPFnP7VKcmReRRlwLiFJKC7J NDCZ4aFYhRDGyHUmASkjB2TgOaA7cLLw4P B2gH3za0WoaG0HXMxLA9ZPHxSjBtWmJf2Xt 2yL6wD+wb+zUxVmpi6Fr62N0hl8eN+ZdXN 3+eyAqwK9r9xzq2ZkUtumdqFag9Nojuwhv ye89fHW7eLy2lN9lb9h31v2EH7DM6CHs/v HcbvPT6mHpc9O1A54g5+eS0X2Ds2iME8sy cW2A6CfGnUuAdegifFHvD6LrKPXxTgw+y+ JPYTeASHfbgV6Oi6beOzqWpZDRe0+TJYwo GRjrKVpwiZzxF1vjvfDmYk9Gs47Zpsgpzl lr6MwcRImldArHpibFrvp5M7S3glZwQVZr Znxy1ZOxHRsX9LPx/G8eFanG5sLJc3LiTX 32Q3dRZukY36DZO5C6t0mNapwoqe0EfaZ8 +WbesNatsVYeuM7mMc4VGltX4DfW8A2U=< /latexit>
(a = aFe = 2.866 A˚)
<latexit sha1_base64="WD2bDYn3bPv50 ntUb5MpqGI2G/s=">AAAEp3icjVO9bhNBEB6HA0L4SQINEs0JKyhprLUDJiBFSkBCUJE 42LFkR9beeRNOvj/drU3C6R4AXoCCCiQKREGHoKbhBSjyCIgySDQUfLs+gizHifd0tzP fzDc/e7NW6DqxZGw/N3HKOH3m7OS5qfMXLl6anpm9XIuDbmSLqh24QVS3eCxcxxdV6Uh X1MNIcM9yxabVua/smz0RxU7gP5F7odjy+I7vbDs2l4BaM/l5vsxbTSl2ZfJApMtmqbB ULptNsw81V1fTBXixAtPLHBaKmZCnbK0Fs7lP1KQ2BWRTlzwS5JOE7BKnGE+DisQoBLZ FCbAIkqPtglKaArcLLwEPDrSD7w60Rob60FXMWLNtZHHxRmCaNMe+s/fsgH1jH9gP9mdk rETHULXsYbf6XBG2pl9e3fh9IsvDLunpf9axNUvapiVdq4PaQ42oLuw+v/f81cHG3cpc coO9ZT9R/xu2z76iA7/3y363Liqvj6nHQt8cukDM0Sen/DxtVx4+kGf63DzdiY8/lQDv 0D34JNhbWldV7uKbaDzN4o9it4FH6LAHvwaVdL9NdB7pSgbjtXWePKYg1dJRttIYOcMx soaH88UxJ4NZh23jZHX0WSrp3xwEiKT0CIhJj7Rd8dVkKm8HXvEJUSM9+6OjVrT9yKj6 ft5Rq3x4G4eFWqlQXCwsrt/Mr9zKbuokXaPrNI8TuU0r9JDWqIrKXtBH+kxfjAXjsVEz 6n3XiVzGuUIDy+B/AfTTAtM=</latexit>
(a = aMgO/
p
2 = 2.978 A˚)
<latexit sha1_base64="szCPSMzn8gbLj CDILLaYOyJbhVI=">AAAEsXicjVM7bxNBEB6HA0J4xIEGieaEFRQKnPWZvJAiJdBAgUg cnAT5IrN33piV78Xe2iSc7g/QUlBQgUSB6JFoScMfoMhPQJRBoqFgdn0EWY4T7+luZ76 Zbx57s07k8VgSsp8bOWWcPnN29NzY+QsXL43nJy6vx2FbuKzqhl4oNh0aM48HrCq59Nh mJBj1HY9tOK17yr7RYSLmYfBY7kZsy6fNgG9zl0qE6vlbU3SR1m3JdmTysPkonbbj50I mVrpoWsWFuXnTNrtGe3k5vVnPF0iR6GX2C6VMKEC2VsKJ3GewoQEhuNAGHxgEIFH2gEK MTw1KQCBCbAsSxARKXNsZpDCG3DZ6MfSgiLbw20StlqEB6ipmrNkuZvHwFcg0YZJ8Jx/J AflGPpEf5M/AWImOoWrZxd3pcllUH391de33iSwfdwnP/rOOrVnCNszrWjnWHmlEdeF2 +Z2Xbw7W7lQmkxvkPfmJ9b8j+2QPOwg6v9wPq6zy9ph6HOybos4w5uCTU36+tiuPAJEX +tx83UmAfypBvAV30SfBva51VeUOfhONp1n8QewG4gI77KBfDSzdr42dC11Jb7yGzlPA KUi1dJTNGiJnNETW6HC+KM5Jb9Z+2zBZuT5LJf2bgxAjKV0gYsIDbVd8NZnKm6NXfEJU oWd/cNSKth8ZVd/PBbVmD29jv7BuFUvlYnn1dmFpJrupo3ANrsMUnsgcLMF9WIEqVvYa vsBX2DPKxhPjqeF0XUdyGecK9Cyj9Rf+iAcS</latexit>
extensive distortion
<latexit sha1_base64="q0wOx9Ja1CaF0 Nh+Ra2WgkKK+KM=">AAAEn3icjVM7bxNBEB6HA0J4xIEGKY3BCqKy1g7vKoICaJDj4CT Ijqy78yasfC/tnU3CyQUtf4CCCiSEEA00/AEa/gBFfgKiDBINBd+OjyDLceI93e3MN/P NY2/WiTwVJ0Ls5qaOWcdPnJw+NXP6zNlzs/m586tx2NWurLuhF+p1x46lpwJZT1TiyfV IS9t3PLnmdO4Z+1pP6liFweNkJ5Ibvr0VqE3l2gmgVn6+mcjtJMUrg1j1ZKGNnKE2xn4 rXxQlwaswKpQzoUjZqoZzuS/UpDaF5FKXfJIUUALZI5tiPA0qk6AI2AalwDQkxXZJfZo BtwsvCQ8baAffLWiNDA2gm5gxs11k8fBqMAu0IL6LD2JPfBMfxQ/xZ2yslGOYWnawOwOu jFqzLy+u/D6S5WNP6Ol/1qE1J7RJt7hWhdojRkwX7oDfe/5qb+VObSG9It6Kn6j/jdgV X9FB0PvlvluWtdeH1OOgbxu6RMzxJ2f8fLYbjwDIMz43nzsJ8KdS4B26C58Ue4t1U+U2 vinj/Sz+OHYbuEaHPfg1qML9NtG55kqG47U5TxFT0GfpIFtlgpzRBFmj/fmyMSfDWUdt k2RVfJZG+jcHISIZXQMp0EO2G76ZTOOt4BUfEVXz7I+PWmP7gVH5ft4268b+bRwVViul 8mJpcflacel6dlOnaZ4u01WcyE1aogdUpToqe0Hv6RN9ti5Z961HVnXgOpXLOBdoaFlP /gJ1tgJ/</latexit>
compressive distortion
<latexit sha1_base64="GCuobsCUHR3+y Fs4XMU0sUDp9ps=">AAAEoXicjVO9bhNBEB6HA0L4iQMNEkKyOAVRWWsHSKCKoCGd4+A kkh1Zd+dNsvL9aW99JJxc0fECFFQgUUR0IPECNLwARR4BUQaJhoJv10eQ5Tjxnu525pv 55mdv1o19kSjGDgtT56zzFy5OX5q5fOXqtdni3PX1JOpJjze8yI/kpusk3BchbyihfL4 ZS+4Ers833O5Tbd9IuUxEFD5X+zHfCpydUGwLz1GA2sXbLcX3VOZFAWhJIlJe6iBrJLW 53y7arMzMKo0KlVywKV+1aK7whVrUoYg86lFAnEJSkH1yKMHTpAoxioFtUQZMQhLGzql PM+D24MXh4QDt4rsDrZmjIXQdMzFsD1l8vBLMEs2z7+yAHbFv7CP7wf6MjZWZGLqWfezu gMvj9uzrm2u/z2QF2BXt/medWrOibVoytQrUHhtEd+EN+OnLN0drj+vz2V32nv1E/e/Y IfuKDsL0l/dhldffnlKPi74d6Bwxx5+c9guMXXuEQF6YcwtMJyH+VAa8S0/gk2FvG11X uYdvZvB+Hn8cuwNcosMUfk2qmn5b6FyaSobjdUweG1PQN9JJtuoEOeMJssbH8+VgToaz jtomySrMWWrp3xxEiKR1CaREK8au+XoytbeAV3JGVGlmf3zUurGfGNXcz0d6PTy+jaPC erVcWSgvrN63lx/kN3WabtEduocTWaRlekY1aqCyV3RAn+izZVsrVs2qD1ynCjnnBg0t q/kXSmwDaA==</latexit>
FIG. 7. The power factor, PF∗, of the
Fe(7ML)/MgO(nML)/Fe(7ML)(001) MTJ as a function
of the MgO layers n for the compressive (a = aFe = 2.866 A˚,
red solid curve) and the extensive (a = aMgO/
√
2 = 2.978 A˚,
blue dotted curve) distortions defined in Eq. (5).
from the ∆1 state [Fig. 4(e)] since it dominates the trans-
port for the extensive distortion. Second, for the same
number of MgO layers, the gradient increases with the in-
plane lattice constant. This can be found by comparing
the transmittances in the majority-spin channel for the
compressive and the extensive distortions at fixed n as
shown in Figs. 4(b) and 4(e). Third, for the fixed in-plane
lattice constant, the gradient increases with increasing n
even for the compressive distortion when the transmit-
tance in the majority-spin channel dominates the total
transmittance (for n ≥ 6), although the increase is very
small. Fourth, the gradient increases more significantly
with increasing n for the extensive distortion [Fig. 4(e)]
than for the compressive one [Fig. 4(b)]. With these ob-
servations, we speculate that the gradient may be related
with the bulk property of the MgO barrier. Atomic po-
sitions in the MgO barrier in MTJs are usually differ-
ent from those in bulk MgO because of the effect from
Fe electrodes. When we increase the barrier thickness
in the MTJ, the electronic structure of the MgO layers
approaches that of bulk MgO, which may result in an
increase of the gradient.
In addition to the Seebeck coefficient, we define the
power factor to characterize the thermoelectric output
power of the MTJ as
PF∗ ≡ G
A
· S2, (5)
where A is the cross section of the MTJ. In the defini-
tion, since there is usually no periodicity along the z axis
in MTJs, we use G/A, the conductance divided by the
cross-sectional area of the MTJ, instead of the electrical
conductivity, which is the analog of the resistance area
product RA and used in Ref. [25].
The power factor of the
Fe(7ML)/MgO(nML)/Fe(7ML)(001) MTJ (from n = 3
to n = 12) for the compressive and the extensive tetrago-
nal distortions of the in-plane lattice parameter is shown
in Fig. 7. For n = 4 and 5, the power factor for the
compressive distortion (a = aFe = 2.866 A˚) is larger than
that for the extensive one (a = aMgO/
√
2 = 2.978 A˚)
because of the enhancement of the Seebeck coefficient
for the compressive distortion (Fig. 2) caused by the
interface resonant tunneling. For n ≥ 6, the power factor
suddenly decreases for both the compressive and the
extensive distortions since the conductance decreases
exponentially as the number of MgO layers n increases.
Our present results on the Seebeck coefficient and the
power factor indicate that the interface resonant tunnel-
ing can enhance the Seebeck coefficient and the power
factor simultaneously for the compressive distortion with
4 or 5 atomic layers of MgO barrier.
IV. SUMMARY AND CONCLUSION
In the present work, we have calculated the Seebeck
coefficient of the Fe(7ML)/MgO(nML)/Fe(7ML)(001)
MTJ by means of the linear-response theory combined
with a first-principles-based Landauer-Bu¨ttiker approach
for several numbers of MgO layers n (from n = 3 to
n = 12) and for the compressive (a = aFe = 2.866 A˚)
and the extensive (a = aMgO/
√
2 = 2.978 A˚) tetragonal
distortions of the in-plane lattice parameter. We have
found that the behavior of the Seebeck coefficient as a
function of the number of MgO layers n is completely
different between the two kinds of distortions. Detailed
analysis of the transmittance has clarified that the in-
terface resonant tunneling can enhance the Seebeck co-
efficient for the compressive lattice distortion with four
or five atomic layers of MgO barrier. In addition to the
Seebeck coefficient, we have calculated the power factor
defined in Eq. (5). It has been found that the power
factor can additionally be enhanced for the compressive
distortion due to the interface resonant tunneling. These
results indicate that control of the barrier thickness and
the in-plane lattice distortion will be effective for maxi-
mizing the thermoelectric properties of MTJs.
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